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This  report  describes  tests  conducted  by  this  investigation  on  12 
type;  of  Army  heavy  weapons  at  Fort  Sill,  OK,  and  the  development  of 
precise  sound-pressure  level  contours  (directivity  patterns)  for  Army 
weapons  currently  in  use.  The  data  obtained  during  these  tests  was  also 
used  to  compile  tables  relating  the  charge  weight  to  an  equivalent 
weight  of  C-4  plastic  explosive.  - y 
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~^!n  addition,  this  investigation  determined  that  elevation  has 

little  influence  on  weapon  directivity  patterns;  the  major  factor  af- 
fecting weapon  directivity  patterns  was  the  muzzle  brake,  which  causes 
directivity  patterns  to  become  almost  circular.  The  exceptions  were 
recoil  less  rifles.  Weight  equivalency  tables  were  found  to  be  a func- 
tion of  tube  size,  with  the  longest  tubes  being  the  quietest,  since  the 
charges  within  them  are  the  most  contained. 
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ACOUSTIC  DIRECTIVITY 
PATTERNS  FOR  ARMY  WEAPONS 


1 INTRODUCTION 


Background 

The  impact  of  noise  on  man  is  increasingly  recognized  as  a major 
source  of  annoyance.  Studies  of  the  effects  of  noise  clearly  show  that 
people  repeatedly  exposed  to  high  noise  levels  exhibit  increased  irri- 
tability and  discomfort,  severe  nervous  tension,  loss  of  ability  to  con- 
centrate, impaired  aptitude  to  perform  even  simple  tasks,  and  loss  of 
si eep . 1 


U.S.  Army  Construction  Engineering  Research  Laboratory  (CERL)  in- 
vestigations into  the  prediction  and  assessment  of  noise  impact  on  and 
adjacent  to  Army  facilities  have  identified  blast  noise,  rotary-wing 
aircraft,  vehicles,  and  fixed  sources  as  major  noise  sources,  with 
blasts  and  rotary-wing  aircraft  selected  as  the  major  problems. 

CFRI  is  attempting  to  develop  methods  to  predict  the  impact  of 
blast  noise.  Important  to  this  prediction  method  is  the  compilation  of 
noise  contours,  these  contours  can  be  drawn  to  a distance  scale  com- 
patible with  a map  of  an  installation  and  its  surroundings,  and  can  be 
used  as  an  overlay  to  graphically  show  the  noise  impact  of  base  oper- 
ations. Given  the  operations,  and/or  types  of  weapons  and  their  charges 
and  locations,  and  frequency  and  time  of  operations,  noise  contours  can 
help  predict  how  changes  in  operations  and  different  weapons  and 
locations  will  affect  hlast-noise  impact  on  installation  environs. 

In  Predicting  Community  Response  to  Blast  Noise?  CERL  identified 
blast  statistics,  human  and  community  response,  and  weapons  contours  as 
the  data  required  to  improve  blast-noise  impact  prediction.  In  1*372  , 
CERL  measured  L^ast  propagation  at  Fort  Leonard  Wood,  MO  to  develop 


* Shultz,  T.  J.,  Noise  Assessment  Guidelines  Technical  Background, 
Report  No.  TE/NA  172  (Department  of  Housing  and  Urban  Development, 

? 1972),  pp  81-87. 

Schemer,  P.  D. , Predicting  Community  Response  to  Blast  Noise,  Tech- 
nical Report  E-l 7/AD773690  (U.S.  Army  Construction  Engineering  Re- 
search Laboratory  [CERE],  December  1973). 
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blast'  propagation  statistics.3  Psycho-acoustical  tes's  have  also  been 
conducted1*  and  a commun i ty  altitudinal  survey  is  underway. J 


( '■  hject  i v e 


lhe  overall  objective  of  ibis  study  is  1 e predict  blast-noise 
impact,  of  artillery,  demolition,  and  other  hl.ist  opora'ions  w’thin  and 
adjacent  to  Army  facilities. 

Specifically,  the  objectives  ot  this  report  are  to  '11  develop  pre- 
cise sound-pressure  level  contours  ^directivity  patterns)  for  Army  weap- 
ons currently  in  use,  (?)  develop  tables  relating  the?  weight,  of  charge 
to  an  equivalent  weight  of  f-4  plastic  oxp’os’ve,  and  H)  prpsent.  these 
contours  and  tables  in  a form  suitable  for  use  in  manual  and  automated 
blast-noise  prediction  methods  at  Army  i nstal 1 ations . 


Approach 

Noise  measurements  of  12  types  of  Amuy  heavy  weapons  were  made  in 
July  1°76  at  Tort.  Sill,  OK.  Charge  size  and  elevation  of  the  weapons 
were  varied.  Sixteen  measuremon*  microphones  were  placed  in  two  concen- 
tric circles  at  250  and  500  m (figure  1 ) around  the  weapons  being 
tested.  One  omnidirectional  5-lb  charge  of  f-4  immediately  adjacent  to 
the  weapon  being  tested  was  detonated  after  every  three  shells  fired. 

The  purpose  of  these  f.-4  firings  was  to  correct  for  the  effects  of  wind 
and  terrain  upon  blast  propagation  at  the  site. 

Data  was  collected  at  the  site  with  an  Ampex  PR-2200  14-track  tape 
recorder  and  Nagra  DJ  scientific  tape  recorders.  Subsequent  data  reduc- 
tion was  performed  in  the  laboratory  to  determine,  by  microphone , posi- 
tive and  negative  peak  values  for  each  blast,  as  we11  as  frequency 
weight  and  measures,  fata  was  transcribed  into  a digital  format  and 
then  put  into  a minicomputer  where  weapons  data  was  Cvi  i by  0-4 

data  ; appropriate  tables  and  contours  were  then  developed. 


Schomer,  P.  D. , R.  J.  Goff,  and  L.  M.  Little,  The  Statistics  of  Ampli- 
tude and  Spectrum  of  Blasts  Propagated  in  the  Atmosphere,  Volumes  I 
and  II,  Technical  Report  N-l 3/APAC?T4 75  and  APA022251  7£FRL,  November 
4 1976). 

Young,  J.  P.,  Measurement,  of  the  Psyc.bol ogical  Annoyance  of  Simulated 
Explosion  Sequences,  PACA  ? 2- 74 -C -000ft  (Stanford  Research  ’nstitut.e, 
r January  1975  and  February  1976). 

Community  Attitudes  Survey,  OMR  49-PO]  4p.  (CTRL,  April  . 
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Mode  of  Techno1 oqy  Transfer 

The  weapons  contours  and  weight  equivalency  tables  will  hp  incorpo- 
rated into  CERL's  Blast  noise  Contour  program.  The  Blast  program  ifsel^ 
is  transferred  to  the  field  for  official  use  by  TM  5-P.n3-2  (proposed), 
Environmental  Protection:  Planning  in  the  Noise  Environment,  and  by 
proposed  Ar  21P-RP,  Master  Planning. 
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2 DATA  COLl.i  CT10N 


Men surement  s were  performed  at  Fori  Si'l  in  the  south-central  por- 
tion  of  Oklahoma.  Fort  Sill  is  the  Army  field  artillery  center  and  an 
extensive  inventory  of  weapons  is  available  there  (one  tank,  the  152-nm 
Sheridan,  was  brought  from  Fort  Hood,  TX  for  the  tests).  The  tes'  site 
--  weapons  ranges  in  a grassy  field  --  was  accessed  via  a paved  rnad. 
Because  little  training  was  ongoing  at  this  site,  it.  was  a safe  and  con- 
venient location  for  noise  measurement . 


lest  Sequence 

During  the  Tort  Sill  test,  IT  weapons  were  measured  for  Mast 
noise.  Table  1 lists  these  weapons,  fhe  days  on  which  testing  was  per- 
formed, and  the  event  numbers  assigned  to  each  particular  weapon. 

The  main  body  of  the  test  used  f-4  plastic  explosive  as  an 
und  irectional  calibration  source.  The  test  sequence  consisted  of  one 
blast  of  C-4  followed  by  three  shells  from  the  weapon  under  test.  The 
sound-pressure  level  contours  emanating  from  the  f-4  allowed  correction 
for  the  effects  of  wind  or  terrain.  This  sequence  was  a compromise  de- 
signed to  place  the  weapon  bias*  as  close  as  possible  to  the  C-4  blast 
without  undue  expense  of  resources  or  time.  This  investigation  rea- 
soned, given  the  speed  of  firing  and  changing  weather,  that  the  contour 
produced  by  the  C-4  after  two  weapon  blasts  would  not  change  greatly. 

Table  1 

Weapons  Tested 


■y  p* 

Blast  No. 

Pay 

Name  of  Cun 

Mode1 

i 

1-23 

12 

9- in.  sol  f- pro  pel  1 od 

M] 1 PA  1 

i 

5 Bd-bog 

28 

8-  in . sel  f- propel  1 ed 

M1 10A! 

2 

24-65 

13 

lOb-rmi  tank 

M60 

7 

76-104 

14 

4.°-in.  mortar 

M70 

4 

105-133 

14 

81 -m  mortar 

5 

481-524 

27 

106-nn  recoil  less  rifles 

M40A1 

6 

438-480 

26 

OO-rm  recoil  less  rifles 

M67 

7 

304-437 

26 

1 05-fim  howitzer 

Ml  02 

0 

1 * 

2 ?4-l 77 

1 0 

1 55-m  howi  t zer 

m1  09 

9 

200-245 

2C 

P-in.  howitzer 

Ml  10 

10 

246-29° 

? 1 

15?-mm  Sheridan  (tank  gun) 

M551 

11 

525-568 

7 7 

L.  . 

1 55-rm  howitzer 

Ml  14 

1 o 

. c 

350-393 

2° 

1 5S-nri  howitzer 

M10°A ’ 
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Measurement  Apparel  ns 

Microphones  were  deployed  in  * wo  concentric  rirnis  wilh  radii  of  ;,r>0 
and  S00  pi,  re  spec t i vol y , around  the  weapon  £C-4)  being  measured.  The 
inner  ring  had  six  microphones  |ilaced  at  60°  intervals  around  the  firing 
point.  The  microphones  were  oriented  so  that  one  was  directly  in  front 
and  one  directly  behind  the  weapon,  with  two  each  on  the  left  and  right 
sides  of  the  gun.  The  outer  ring  consisted  of  nine  microphones  a*  ~>C'° 
intervals  with  a center  microphone  directly  bphind  thp  gun.  (No  micro- 
phones were  placed  in  front,  or  30°  either  side,  of  the  front  of  the 
weapon  because  of  the  possible  damage  to  them  from  incoming  shells  and 
the  danger  involved  in  setting  them  up.) 

Four  types  of  microphone  systems  were  used  for  measurements:  f he 
BAK  4931  outdoor  microphone  system,  the  BAK  141 -B  field  microphone 
system,  the  BAX  2209  sound-level  meter  system,  and  the  BAK  PfP]  FM  car- 
rier system.  With  the  exception  of  the  BAK  4 OF’  1 , all  systems  were  oper- 
ated with  external  microphone  cartridges.  (Figure  ? shows  t he  equipment 
at  each  station.’'  The  BAK  4921  and  BAK  141  stations  were  powered  by 
lines  running  from  a van  which  served  as  a mobile  field  acoustics  lab. 
The  attended  stations  and  the  FM  carrier  system  were  sel  f-cor:f  ained. 

An  accel eroneter  station  was  also  deployed;  it  consisted  of  three 
accelerometers  oriented  with  respect  to  three  mutually  perpend icul or 
axes.  At  first,  the  accelerometer  station  was  placed  o0,  BO,  or  °0  m 
south  of  the  blast  site  each  day.  However,  after  the  first  few  days,  it 
was  found  that  if  the  stafon  was  always  placed  at  to  n,  it  registered 
the  air  wave  almost  exclusively,  with  little  or  no  register  of  the 
ground  wave. 

Stations  33F,  36F,  3F,  °F,  and  13F  were  the  sound-level  meter  sta- 
tions attended  by  field  personnel.  The  peak  sound  level  was  measured  on 
the  sound-level  meters  at  each  station,  and  the  f 1 at-wei ghteci  output 
recorded  on  the  fagra  PJ  tape  recorder.  In  addition,  a BAK  2611  FM  car- 
rier system  with  a BAK  4145  microphone  specially  sealed  to  measure  low 
frequencies  was  used  at  station  IFF. 

Remote-controlled  BAK  141  stations  were  placed  at  stations  6F  and 
12F,  and  operated  by  personnel  at  stations  3F  and  9F,  respectively.  At 
station  27N,  a BAK  1/4-in.  microphone  wa s used  to  allow  the  measurement 
of  high  frequencies  and  amplitudes. 

Stations  33N,  3N,  9N,  15N,  21 N , 21F,  and  1 5F  were  BAK  4°21  micro- 
phone systems  powered  by  the  mooile  lab.  The  output  from  these  sta- 
tions, the  signals  from  the  FM  carrier  system,  and  the  signals  from  the 
1/4-in.  microphone  were  recorded  on  the  14-channel  Ampex  PR  ?200  FM  tape 
recorder.  Signals  from  the  three  BAK  accelerometers  (mounted  in  three 
dimensions  to  a cement  block);  the  time  code  generator;  and  'ho  wind 
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Fiaure  2.  Fort  Sill  test  equipment. 


Ml  REMOTE  CONTROLLED  STATIONS 
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Station  13F 


direction  and  speed  apparatus  were  also  recorded  on  the  Ampex  PR  2200 
during  testing. 

Cal ibration 

Calibration  was  performed  (1)  at  the  beginning  of  every  new  tape, 

(2)  at  the  end  of  each  tape  and/or  day,  (2)  when  changes  were  made  in 
equipment  or  equipment  placement,  or  (4)  when  equipment  malfunctioned. 
The  unattended  stations  controlled  by  the  mobile  lab  were  set  up  first 
and  were  the  first  stations  cal ihrated  after  setup  of  all  stations  was 
completed.  This  allowed  all  stations  equal  warm-up  time  before 
cal ibration . 

The  unattended  stations  were  calibrated  with  BAK  4220  pistonphonps 
in  two  groups  of  five  and  four,  respectively.*  A 15-sec  recording  of 
the  tone  was  made  at  a tape  speed  of  50  in. /sec  on  the  Ampex  PR  2200. 

The  R&K  4021  was  calibrated  using  20  dB  of  gain  in  the  4021  and  0 dR  of 
gain  in  the  Neff  DC  amplifier  in  the  mobile  lab.  Adjustments  were  then 
made  so  that  a 4-V  peak-to-peak  signal  corresponded  to  the  l?4-dB  root- 
mean-square  (RMS)  produced  by  the  pistonphone.  Tor  most  measurement s , 
the  B&K  4921  gain  was  reduced  to  10  dB.  This  allowed  measurement  of 
sound- pressure  levels  of  150  dR  peak  without  overloading  the  tape 
recorder.  The  Neff  gain  was  increased  for  lower  sound  levels.  For  very 
low  sign.l  levels,  the  BAK  4921  gain  was  increased  to  20  dB. 

The  FM  system  was  calibrated  using  a pistonphone  and  all  gain  ad- 
justments were  performed  in  the  mobile  lab.  During  testing,  the  system 
used  a 1 -Hz  cutoff. 

The  BAK  141  at  station  27N  was  calibrated  with  its  gain  set  for 
40  dB  and  the  Neff  amplifier  set  for  0 dB.  As  with  the  BAK  4921,  the 
B8 K 141  was  adjusted  to  produce  a 4-V  peak-to-peak  signal  at.  the  mobile 
lab.  The  BAK  141  gain  was  decreased  to  20  dB  for  measurements.  The 
mobile  lab  was  able  to  decrease  the  BAK  141  gain  to  20  dB  or  10  dR,  if 
necessary.  For  signals  over  150  dB,  the  gain  was  reduced  to  20  dB.** 

The  attended  stations  were  cal  ibrated  after  the  unattended  stations.  A 
pistonphone  tone  at  least  ] minute  in  length  was  recorded  on  tape,  fol- 
lowed by  a detailed  list  of  calibration  settings,  data,  and  any  other 
information  considered  necessary  by  the  investigators. 


*To  allow  cal  ibration,  the  R8K  4921  outdoor  microphone  system 
windscreens  and  rain  covers  were  removed  and  its  microphone  calibrated 
with  a normal  grid;  however,  the  rain  covers  and  windscreens  were  used 
during  the  testing. 

**This  station  was  the  most  difficult  to  calibrate  because  of  the 
problem  of  holding  the  pistonphones  steady  on  the  1/4-in.  microphone 
in  the  wind. 

15  }. 
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At  the  attended  stations,  two  sound-level  meters  were  used  to 
increase  the  dynamic  range  of  + ho  peak  readings.  The  output  of  the 
in.  microphone  was  channeled  to  sound-level  meter  A,  which  was 
calibrated  by  the  pi stonphone  for  124  dP.  The  output  of  sound-level 
meter  A was  sent  simultaneous  to  the  input  of  sound-lpvel  meter  B and  to 
the  Nagra  OJ  tape  recorder.  After  sound-lpvel  meter  A was  calibrated, 
it  v:as  set  to  the  110-dP,  scale.  (Sound-level  meters  have  t.he  same 
output  range  regardless  of  scale  setting;  t.he  meters'  range  registers 
17  dR  above  full  scale.  Since  the  signal  at  the  attended  stations  wa s 
over  120  dB,  the  output  of  sound-level  meter  A was  effectively  increased 
10  dB.  Sound-level  meter  B was  then  calibrated  to  read  1 14  dB.  This 
arrangement  of  the  two  sound-level  meters  allowed  the  peak  to  h^  r^ad 
over  a 70-dB  range.  Therefore,  adjusting  sound-level  meter  A allowed 
the  upper  level  of  the  range  to  be  varied.) 

The  B&K  141  stations  at  6F  and  12F  were  calibrated  according  to  the 
following  procedure:  RfiK  141  was  set  for  20  dP  of  gain  and  the  attenu- 
ator control  at  thp  adjacent  attended  station  was  set  for  0 dB.  lne 
Nagra  attenuator  was  set  for  2 dP  and  P&K  141  was  adjusted  so  that  the 
meter  on  the  Nagra  measured  -10  VU.  The  sound-level  meter  was  adjusted 
to  124  dB.  The  cal ibration  tone  was  recorded  into  the  Nagra  for  at 
least  1 minute,  followed  by  a list  of  settings  and  necessary  infor- 
mation. 
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3 DATA  REDUCTION 


Each  event,  i.e.,  each  C-4  or  gun  blast,  was  recorded  simulta- 
neously at  16  separate  stations.  Depending  on  the  recording  station, 
data  was  stored  on  either  an  k* pox  PR-220D  14-channel  FM  recorder  or  a 
Nagra  DJ  single-track  AM  recorder.  Each  tape  channel's  data  was  then 
reduced  individually. 

Figure  lisa  block  diagram  of  equipment  used  in  data  reduction. 

The  B&K  7502  Digital  Transient  Recorder,  which  acted  as  a delay  line, 
received  information  from  the  tape.  Each  time  a blast  registered  on  the 
tape,  the  7502  sent  out  a trigger  signal  which  activated  a special  cir- 
cuit. This  circuit  then  relayed  a trigger  signal  to  an  oscilloscope  and 
to  two  CERL  Model  270  noise  monitors;  the  signals  were  sent  such  that 
the  blast  occurred  in  a preset  window.  This  allowed  the  monitors  to  an- 
alyze the  complete  signal.  Another  trigger  signal  was  sent  to  the  noise 
monitors  to  signal  the  end  of  the  data  col  Action.  After  the  monitors 
received  the  stop  signal,  and  before  another  signal  was  relayed,  a pause 
was  allowed  to  enable  the  noise  monitors  to  sample  the  noise  level  on 
the  tape.  The  noise  sample  and  the  blast  signal  were  both  measured  for 
the  same  time  interval.  The  noise  monitors  then  relayed  this  infor- 
mation (in  L form),  and  the  samol e- 1 ength  time  to  a pair  of  Wang  600 
cal cul ators .eqAt  the  beginning  of  each  channel's  analysis,  equipment 
settings  for  calibration  and  measurement  were  entered  into  the  calcu- 
lator's memory.  The  calculators  then  computed  the  sound-exposure  levels 
of  blast  noise  and  supplied  a printout  '‘f  the  sound-exposure  level  of 
blast  minus  noise,  and  of  noise  level  alone  (all  calculations  we^e  on  an 
energy  basis).  Two  noise  monitors  and  two  calculators  were  used  in 
parallel  so  each  blast  could  be  measured  with  A,  D,  C,  and  flat  weight- 
ings. 

Positive  and  negative  peaks  were  measured  visually  on  the  oscil- 
loscope and  their  values  entered  into  the  calculators.  The  calculators 
used  the  previously  given  calibration  values  to  compute  positive,  nega- 
tive, and  peak-to-peak  values  for  each  blast;  this  information,  along 
with  the  blast  number,  was  then  printed. 

Signals  were  checked  visually  for  any  clipping  due  to  overs1' zed 
inputs  to  the  tape  recorder.  (It  was  not  possible  to  overload  the  noise 
monitors  or  the  calculators  since  none  of  the  other  equipment,  being  us  :d 
in  the  analysis  was  capable  of  inputting  an  excessive  signal.) 

The  noise  monitors  were  originally  calibrated  by  inputting  the  pi s- 
tonphone  calibration  tone  from  the  tape  recording  and  entering  124  dP.  as 
the  pi stonphone 1 s RMS  sound-pressure  level.  The  noise  monitors  then 
calculated  the  appropriate  gain  constant  to  he  used  during  data  anal- 
ysis. Any  change  in  equipment  settings  from  the  calibration  settings 
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and  any  changes  made  during  the  measurement  period  were  entered  into  the 
calculators  at  the  appropriate  time.  Necessary  adjustments  were  made  by 
the  calculators. 

Information  listed  on  printouts  produced  by  the  Wang  calculators 
was  punched  directly  onto  computer  cards  and  stored  on  magnetic  tape  for 
easy  retrieval  by  the  Nova  1200  minicomputer  during  analysis. 

This  reduction,  for  each  event  at  each  station,  produced  the  fol- 
lowing : 

FI  at-v/eighted  SEL 

A-weighted  SEL* 

C -weighted  SEL 

D-weighted  SEL* 

In  addition,  logbooks  kept  by  the  investigating  team  during  the 
tests  described: 

1.  The  day  and  time  of  each  event. 

2.  Whether  the  event  was  a C-4  blast  or  a weapon  blast. 

If  the  event  was  a weapon  blast,  the  team  logged  (1)  the  type  of  weapon, 
(2)  the  type  and  size  Of  the  propelling  charge,  (3;  the  elevation  (if 
applicable),  and  (4)  the  range  of  the  weapon's  projectile  (if  apolica- 
ble).  If  the  event  was  a C-4  blast,  the  team  described  (!)  the  amount 
of  C-4  used  to  produce  the  blast  (pounds),  and  (2)  whether  the  blast  was 
on  or  above  the  ground  (see  Appendix  A). 


Peak-to-peak 
Positive  peak 
Negative  peak 


♦Data  recorded  at  stations  using  a Nagra  recorder  was  not  reduced  to 
A-  and  D-weightings  because  filters  were  not  available  to  adiust 
for  the  frequency  shift  between  the  Nagra1 s original  recording  speed 
(1.5  in. /sec)  and  the  playback  speed  (15  in, /sec). 
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^ DATA  ANALYSIS 


f 


Data  reduced  from  recordings  was  first  analyzed  to  determine  the 
va1 jcs  necessary  to  correct  for  the  effects  of  weather  and  terrain  on 
nc-ise  levels.  After  these  correction  values  were  established,  weapon- 
noise  directivity  plots  and  weight  equivalency  tables  were  developed. 


Correct  ion  Values 

Five  pounds  of  C-4,  when  exploded  under  ideal  weather  and  terrain 
conditions,  transmits  sound  equally  in  all  directions.  The  resulting 
noi se-propagati on  pattern  is  circular.6  The  effect  of  inhomogeneous 
weather  and  terrain  conditions,  therefore,  can  be  determined  by  observ- 
ing how  propagation  patterns  differ  from  the  circular. 

For  the  purpose  of  this  study,  it  was  assumed  that: 

1.  Weather  and  terrain  effects  on  C-4  noise-propagation  patterns 
do  not  vary  drastically  over  a short  time  (typically,  IS  minutes). 

7.  The  effects  of  weather  and  terrain  on  C-4  noise  and  gun  noise 
.ire  the  same. 

It,  was  further  assumed  that  once  the  effects  of  wpather  and  terrain  on 
C-4  blast  noise  were  determined,  they  could  be  used  to  predict  and  cor- 
rect for  --  and  therefore  eliminate  --  the  effects  of  weather  and 
terrain  on  gun  noise. 

As  described  in  Chapter  I,  each  weapon  firing  (event)  occurred 
within  16  minutes  of  a r>-lb  C-4  calibration  explosion.  Data  recordings 
for  each  event  (C-4  and  v/eapon,'  were  made  at  16  separate  stations  and 
reduced  (Chapter  7).  To  determine  the  correction  value  for  each  weapon- 
firing event  at  each  station,  it  was  first  necessary  to  identify  the  C-4 
calibration  explosion  nearest  to  it.  in  time. 

Each  C-4  event  was  analyzed  to  determine  the  difference  from  the 
ideal  caused  by  weather*  and  terrain.  This  difference  was  then  used  to 


Schomer,  P.  D. , P.  J.  Goff,  and  L.  M.  Little,  The  St.  at  sties  of  Ampli- 
tude and  Spectrum  of  Blasts  Propagated  in  the  Atmosphere,  Volumes  1 
and  II,  Tochnical~Report  N-13/rADAo334'7S  and  ADA0333P1  (TFRL,  November 
1976). 

♦Weather  conditions  during  testing  for  each  day  (by  hour)  are  list.pd  in 
Appendix  B. 
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correct  the  noise-level  data  for  the  weapon-tiring 
to  the  C-4  explosion.*  In  this  manner,  correction 
fects  of  weather  and  terrain  on  each  event  at  each 
mined . 


event  nearest  in  time 
val ues  for  the  ef- 
station  were  rieter- 


Noise  Contours** 


Reduced  noise-level  data  was  used  to  plot,  against  time,  noise 
levels  at  each  station  for  (1)  each  weapon  type,  and  (2)  each  C-4  event. 
Both  corrected  and  uncorrected  data  were  plotted.  This  was  done  to: 

1.  Facilitate  spotting  errors  in  data  recording  and/or  in  the 
transcription  or  reduction  of  data. 

2.  Support  this  investigation's  assumption  that  weather  and 
terrain  effects  could  be  averaged  over  a short  time. 

These  plots  also  showed  that  noise  levels  at  all  stations  changed  in  a 
consistent  manner,  regardless  of  the  position  of  the  station,  the  type 
of  weapon  (C-4),  or  time. 

Corrected,  reduced  noise-level  data  was  then  graphed  vs  angle  on  a 
polar  plot  (see  Figure  4 for  an  example).  Inner-ring  data  (dashed  line) 
was  plotted  separately  from  outer-ring  data  (sol^d  line). 

The  polar  plots  were  not  developed  to  determiie  how  loud  an  event 
was  at  a point,  but  how  noise  levels  varied  with  angle.  The  deviation 
at  each  angle  for  each  event  was  determined  from  a single  reference 
point  (rear  of  the  gun)  and  plotted.  These  plots  are  the  weapon 
directivity  patterns. 

Separately  plotted  inner-  and  outer-ring  contours  were  then  com- 
pared. The  comparison  showed  that  t^oth  contours,  for  similar  test 
events,  typically  varied  less  than  - 1.5  dB  from  each  other.  Because  of 
this  close  comparison  and  since  the  noise  contours  for  the  inner  and 
outer  ring  each  contained  points  absent  in  the  other  (Chapter  2),  the 
plots  of  both  rings  were  combined  for  identical  events,  i.e.,  events 
with  the  same  weapon  (C-4),  charge  size  or  type,  elevation,  and  range 


*As  a check,  C-4  events  were  analyzed  and  corrected  using  this  method. 
They  produced  nearly  perfect  circular  patterns. 

♦♦Though  analyses  were  done  for  both  F-  and  C-weighted  SEL,  contours 
were  produced  for  C-weightings  only  to  weighting  recommended  by 
the  Environmental  Protection  Agency  (ERA)  arid  approved  by  Department 
of  Defense  (DOD ) . 
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(Appendix  C).  The  resulting  contours  showed  that  variation  In  charge 
size,  elevation,  or  range  did  not  consistently  or  significantly 
(-2  dB,  typically)  alter  the  noise  contours. 

Next,  all  contours  for  the  same  weapon  (C-4)  for  varying  events, 
i.e.,  at  varying  charge  sizes  and  types,  elevations,  and  rang^,  wore 
combined  (see  Appendix  0).  In  addition,  energy  average*  in  dB  and  the 
average  differences  in  dB  from  the  rear  of  the  gun  were  compiled  for 
each  station.  The  average  difference  from  the  rear  of  the  gun  vs  angle 
and  the  average  difference  from  C-4  vs  angle  are  found  in  Appendices  f 
and  D. 


Weight  Equivalency  Tables 

To  develop  appropriate  weight  equivalency  tables,  the  energy  aver- 
age of  the  reduced  noise-level  data  from  the  inner-ring  stations  was  de- 
termined for  each  event  of  identical  charge  size  and  type,  but  varying 
elevation  and  range.  These  averages  were  then  plotted  against  charge 
weights.  When  plotted,  these  averages  showed  that  there  was  a log- 
rithmic  relationship  between  sound  level  and  charge  weight.  All  further 
calculations  were  therefore  done  using  logorithm  of  weight.  Appendix  F 
lists  the  resulting  weight  equivaTency  tables. 

Charge  weight  was  also  plotted  against  F-  and  C-weighted  SFL  (Fig- 
ures 5 and  6)**.  These  plots  show  that  weapons  which  were  in  the  same 
barrel -length  group  (Table  2)  lie  along  the  same  line.  Equation  parame- 
ters for  individual  weapons  and  for  grouped  weapons  are  shown  with  the-ir 
respective  r in  Tables  3 and  4. 


*By  this  method,  dB  are  converted  to  energy  (J),  averaged,  and  then 
converted  back  to  dB. 

**A  270  oz,  five  white  bag  charge  for  the  8-in.  MHO  gun  was  not  plotted 
since  the  charge  was  nonstandard.  Thp  450  oz,  seven  white  bag  charge 
was  not  plotted  because  of  indications  of  excess  attenuation  caused 
by  the  C-wei ghti ng. 

+The  standard  error  is  a measure  of  the0amount  of  variation  of  the 
data  about  the  prediction  model.  The  r is  the  multiple  correlation 
coefficient  jquared;  v*hen  multiplied  by  100,  it  is  the  percent  of  the 
variation  in  the  data  which  is  explained  by  the  equation. 
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Figure  5.  Flat -weighted  SEL  vs  C-4  charge  weight. 

Groupings  are  by  tube  length;  point  re- 
presenting an  8-in.  gun  with  a 270  oz. 
charge  is  a nonstandard  charge. 
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-WEIGHTED  SOUND-EXPOSURE  LEVEL  (dB) 


i 


Figure  6.  C-weighted  SEL  vs  C-4  charge  weight. 
Groupings  are  by  tube  length;  the 
shift  in  the  C-4  and  8 in.  gun  line 
at  levels  in  excess  of  about  118  dB 
occurs  because  the  C-weighting  ex- 
cludes the  very  low  frequencies. 
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Table  2 


Barrel  Lengths  of  Weapons  Tested  at  Fort  Sill 


Very  short  (very  light) 

81-irm  mortar 

Model 

Short  tube 

4.2-in.  mortar 

M30 

106-itot'  recoilless  rifles 

M40A1 

90-mTi  recoilless  rifles 

M6  7 

152-irtn  Sheridan  tank  gun 

M551 

Regular  tube 

lOS-imi  howitzer 

M102 

155-mm  howitzer 

M109 

8-in.  howitzer 

MHO 

155-nrn  howitzer 

Ml  14 

Long  tube 

155-mm  howit?er 

M109A1 

8-1n.  self-propelled 

M110A1 

105-nm  tank 

H60 

Table  3 


Equation  Parameters  and  Correlation  Factors  (r^) 
for  Weapons  Tested  at  Fort  Sill  (F-weighted  SEL) 

equation  Parameters 


Weapon 

Model 

A 

B 

2 

r 

81 -mm  mortar 

91.65 

20.13 

0.94 

4.2-in.  mortar 

M30 

87.05 

18.38 

0.99 

106-ron  recoil  less  rifles 

M40A1 

N/A 

N/A 

N/A 

9u-<m  recoil  less  rifles 

MS  7 

N/A 

N/A 

N/A 

152-n»n  Sheridan  tank  gun 

MS51 

N/A 

N/A 

N/A 

lOS-m  howitzer 

Min? 

83.97 

15.72 

0.99 

ISS-ntn  howitzer 

-109 

74.85 

20.48 

1.00 

8 in.  howitzer 

10 

88.  3C 

13.62 

0.95 

lu5-mri\  howitzer 

t .14 

84.93 

15.59 

0.97 

155-mm  howitzer 

M109A1 

75.16 

13.23 

0.98 

8-in.  self-propelled 

M110A1 

8C.04 

16.26 

1.00 

105-rm  tank 

M60 

N/A 

N/A 

N/A 

Short  tube 

89.14 

15.63 

1.00 

Regular  tube 

84.40 

15.48 

0.9? 

Long  tube 

75.07 

18.35 

0.99 

C4 

101.59 

11.85 

0.99 

Level  * A + B 

* Log  (weight 

of  propel  1 

ant) 
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Equation  Parameters  and  Correlation  Factors  (r  ) 
for  Weapons  Tested  at.  Fort  Sill  (C-weighted  SEL ) 


Equation  Parameters 


Weapon 

Model 

A 

R 

81  -run  mortar 

90.27 

19.57 

0.94 

4. 2-in.  mortar 

M20 

85.17 

18.86 

i.on 

106-run  recoilless  rifles 

M40A1 

N/A 

N/A 

N/A 

90-m  recoil  less  rifles 

M67 

N/A 

N/A 

N/A 

152-run  Sheridan  tank  gun 

M551 

N/A 

N/A 

N/A 

105-mm  howitzer 

M102 

82.78 

12.91 

0.98 

155 -turn  howitzer 

M109 

75.74 

18.51 

i.on 

8-  i n . howi  t zer 

mho 

60.91 

24.49 

1.00 

155-run  howitzer 

Ml  1 4 

80.81 

15.59 

0.98 

155-run  howitzer 

M100A1 

72.08 

18.11 

0.99 

8-in.  self-propelled 

M110A1 

76.99 

15.87 

1 .00 

105-mm  tank 

M60 

N/A 

N./A 

N/A 

Short  tube 

88.75 

12.85 

0.99 

Regular  tube 

82.2? 

14.99 

0.99 

Long  tube 

74.26 

16.94 

0.97 

Level  = A + B * Log10  (weight  of  propellant) 


5 RESULTS 


Pred iction  Method 

CTRL'S  previous  noise  propagation  study  at  Fori  Leonard  Wood7  es- 
tablished the  noise-level  standard  for  a 5-lb  charge  of  C-4.  The  Fort 
Sill  tests  described  in  this  report  use  the  variance  in  gun-noise  levels 
from  this  C-4  standard  to  develop  correction  factors  which  allow  the 
prediction  of  the  effects  of  gun  type,  charge  size,  and  charge  type  on 
gun-noise  1 evel s. 

The  weight  equivalency  tables  developed  as  a result  of  the  study 
described  in  this  report  can  also  be  used  to  predict  gun-noise  impacts. 
To  do  so  requires  that  the  weight  equivalency  plot  in  Figure  6 be  used 
to  determine  the  charge  weight/wcapon  correction  factor. 

First,  select  the  appropriate  F-4  value  from  the  weight  re- 
lationship plotted  in  Figure  6.  Second,  select  the  appropriate  inner- 
ring  energy  average  for  the  weapon  for  which  noise  impact  is  to  be  pre- 
dicted by  the  equations  in  Table  4.  Finally,  select  the  appropriate 
average  difference  from  the  rear-of-gun  reference  point  for  the  weapon 
under  consideration  from  Appendix  P.  (See  Figure  7 for  an  example  of 
this  procedure.) 

When  the  value  for  the  F-4  plus  the  value  of  average  difference 
from  the  rear-of-gun  reference  point  is  subtracted  from  the  inner-ring 
energy  average,  the  result  is  the  charge  weight/weapon  correction  factor 
( see  F i gure  ) . 

To  determine  the  directivity  correction  factor,  selprt  the  appro- 
priate value  from  the  tables  in  Appendix  P and  interpolate,  if  necessary 
(see  figure  7). 


Additional  Results 

Figure  0 exhibits  a number  of  interesting  rel at ionshi ps : 

1.  The  amplitude  vs  weight  of  the  C-4  charge  curve  is  not  a 
straight  line,  but  more  S-shaped.  This  results  from  the  gradual  shift 
to  lower  frequencies  as  the  weight  of  charge  is  increased.  And,  as  the 


^ Schoner,  P.  D.,  R.  J.  Foff,  and  L.  M.  Little,  The  Statistics  of  Am- 
plitude  and  Spectrum  of  Blasts  Propagated  in  the  Atmosphere,  Volumes  I 
and  II,  Technical  Report  N13/ADA0333475  and  7lDAn3736l  (CTRL , November 
1976). 
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Find  correction  factor*, for  th«  (id*  (9  0®)  of  a 185-mm  towed  how- 
itzer (MII4)  for  three  green  bagi 

1.  Three  green  bag*  * 49.4  oz  of  propellant 

2.  49.4  oz  of  C-4  (C- weighted  SEL  from  Figure  6)»  IIS.SrfB  (?) 


From  Appendix  0 


NAME 

153  MM  HOWITZER 

MII4 

ELEVATION 

ALL 

CHARGE  SIZE  ALL 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

-'NGLE 

FROM  REAR 

1 

1 12.37 

9.80 

0° 

14.93 

2 

105  84 

3.4  1 

30° 

12.33 

3 

103  24 

000 

60° 

1 0 1 0 

4 

106.72 

2.66 

90° 

Ctin7>— 

3 

113.16 

10.71 

120° 

3!  20 

6 

106 .1  0 

10.28 

130° 

1 .36 

7 

9 9 .4  1 

3.09 

180° 

0 00 

8 

101  .99 

6 24 

210° 

1.56 

9 

1 1 5 .69 

14  93 

240° 

3 20 

10 

106  .87 

9 83 

270° 

6 87 

1 1 

103  .64 

7 42 

300° 

10.18 

12 

99  .20 

3.52 

330° 

12.53 

13 

97  .16 

1 .51 

14 

15 

97  .43 

97  43 

0.00 

1 .61 

AVERAGE 

C OE>“ 

16 

102  .1  4 

6 32 

Weight/Weopon  Correction  -({)  - (5) 


■+(*) 


o 


-20.6  dB  * 107.6  - IIS. 8 -9.45 
Directivity  Correctlon^^  * 6.87 


Figure  7.  Weight/weapon  and  directivity  correction  factor 
prediction  method. 
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shift  is  made  to  lower  frequencies,  the  C -weighting  gradually  attenuates 
more  and  more  of  the  signal-  Thus,  at  higher  charge  sizes  for  the 
larger  weapons,  the  weapon  curves  move  very  close  to  the  C- 4 curve. 

This  is  because  of  the  spectral  shift  operating  on  the  C-4,  but  not  yet 
on  the  weapons. 

2.  Figure  5,  which  uses  flat  weighting,  shows  a straight  line 
for  the  C-4  weight  relationship,  and  a 3.6-dB  increase  when  C-4  weight 
is  doubled.  Three  sizes  of  weapons  --  short,  medium,  and  long  tube  -- 
are  on  this  same  curve.  (The  longer  the  tube,  the  more  contained  the 
charge,  and,  therefore,  the  smaller  the  noise.) 

3.  The  weapon  curves  grow  at  .i  faster  rate  than  those  of  the  un- 
constrained C-4  curves,  indicating  'hat  the  bigger  the  charge  in  ,<  given 
tube  length,  the  more  unconstra ined  it  appears,  and  thus  the  more  it  ap- 
proaches the  C-4  curve. 

4.  The  last  major  finding  of  this  study  was  thp  effect  of  a muzzle 
brake  on  directivity  patterns.  Figures  ft  and  9 show  directivity  pat- 
terns for  a self-propelled  and  a towed  15ft-rrm  howitzer,  respectively. 

The  sel f-propel 1 ed  howitzer  uses  a muzzle  brake,  the  towed  howitzer  does 
not;  the  directivity  pattern  for  the  self-propelled  howitzer  is  prac- 
tically circular  whereas  the  directivity  pattern  for  the  towed  howitzer 
is  strongly  towards  tne  front  of  the  gun.  This  indicates  that  the 
muzzle  brake  causes  some  of  the  gases  and  noise  which  would  go  towards 
the  front  to  be  redirected  toward  the  sidps  ar.d  rear:  the  result  is  an 
almost  circular  pattern.  The  same  general  relationship  is  true  for  the 
other  weapons;  i.e.,  with  a muzzle  brake,  the  directivity  pattern  is 
virtually  circular.  Without  a muzzle  brake,  the  directivity  pattern  is 
much  stronger  towards~Ffie~7ront  of  the  gun.  The  exceptions,  of  course, 
are  the  recoilless  rifles  which  have  a strong  component  both  towards  the 
front  and  the  rear  of  the  weapon. 
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Figure  9.  Directivity  pattern  of  a towed  155-mm  howizter. 

Each  hatch  mark  is  1 dB.  The  absolute  level  at 
the  rear  of  the  gun  is  100  db. 


6 CONCLUSIONS 


Precise  sound-pressure  level  contours  (directivity  patterns)  and 
weight  equivalence  patterns  which  relate  weight  of  charge  to  equivalent 
C-4  weight  wore  developed  for  Army  weapons  in  current  use.  Oat.a  and  in- 
formation developed  as  a result  of  this  study  are  presented  in  a form 
suitable  for  use  in  manual  or  automated  blast  noise- impact  prediction 
methods. 

The  following  general  technical  conclusions  can  also  be  made  from 
this  study: 

1.  Elevation  has  little  influence  on  directivity  patterns;  there- 
fore, directivity  patterns  can  be  considered  as  independent  of 
elevation.  Muzzle  brakes  (except  for  recoilless  rifles)  are  the  biggest 
factor  affecting  weapon  contour  shapes.  Muzzle  brakes  cause  directivity 
patterns  to  become  almost  circular. 

2.  The  weight  equivalency  tables  developed  are  a function  of  tube 
Size,  with  the  longest  tubes  being  the  quietest  because  the  charge  is 
most  contained. 
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f 

DAY 

TINE 

WEAPON 

MODEL. 

CHARGE  SIZE 

ELBVA 

SI 

13 

12:5! : 16 

105  HN  TANK 

M60 

52 

13 

12: SS : 46 

CALIUHAT ION 

5.00 

LBS. 

S3 

13 

14:01:26 

CA1.1  BU  ST  ION 

5.00 

LBS. 

5-! 

13 

14:04:41 

105  MM  TANK 

M60 

SS 

13 

14:05:20 

105  MM  TANK 

M60 

56 

13 

14:06:05 

10S  MM  TANK 

M60 

57 

13 

14: 12:07 

CALIBRATION 

5.90 

LBS. 

58 

13 

14: 15:17 

105  MM  TANK 

M60 

59 

13 

14: 15:57 

105  MM  TANK 

M60 

60 

13 

14: 16:36 

105  MM  TANK 

M60 

61 

13 

14:22:37 

CAU BRAT  ION 

S.00 

LBS. 

62 

13 

14:25:41 

105  MM  TANK 

M60 

63 

13 

14:26:21 

105  MM  TANK 

M60 

6-1 

13 

14:27:01 

105  MM  TANK 

M60 

65 

13 

14:38:25 

CAM  BK AT  ION 

5.00 

LBS. 

66 

13 

16:12:29 

CAI.  1 BRAT  ION 

5.00 

l.BS. 

67 

13 

16:20:58 

C4  ON  GROUND 

5.00 

LBS. 

68 

13 

16:27: 12 

CALIBRATION 

S.00 

LBS. 

69 

13 

16:35:40 

C4  ON  GROUND 

5.00 

IBS. 

70 

13 

16:43: 14 

CALIBRATION 

5.00 

LBS. 

71 

13 

16:55:40 

C4  ON  GROUND 

5.00 

LBS. 

72 

13 

17:02:02 

CALIBRATION 

5.00 

LBS. 

73 

13 

17:09:00 

C4  ON  GHOUND 

5.00 

LBS. 

74 

13 

17: 16:34 

CAI.IBRAT  ion 

5.0O 

LBS. 

75 

13 

17:24:03 

C4  ON  GROUND 

5.00 

LBS. 

76 

14 

10:45:50 

CALIBRATION 

5.00 

LBS. 

77 

14 

10:54:29 

CALIBRATION 

5.00 

LBS. 

78 

14 

10:58-59 

4.2  INCH  MORTAR 

M30 

1 1 

GREEN 

BAGS 

900 

79 

14 

1 1 :04 : 3 1 

4.2  INCH  MORTAR 

M30 

I 1 

GREEN 

BAGS 

900 

80 

14 

11:08:21 

4.2  INCH  MORTAR 

M30 

1 1 

GREEN 

BAGS 

900 

81 

14 

1 1 :09  :04 

4.2  INCH  MORTAR 

M30 

1 1 

GREEN 

bags 

900 

82 

14 

1 1 :09:44 

4.2  INCH  MORTAR 

M30 

1 1 

GREEN 

BAGS 

900 

83 

14 

1 1 : 17:39 

CALIBRATION 

5.00 

LBS. 

84 

14 

1 1:28:04 

CALIBRATION 

5.00 

LBS. 

85 

14 

11:31:24 

4.2  INCH  MORTAR 

M30 

24 

GREEN 

bags 

'.«0 

86 

14 

11:34:23 

4.2  INCH  MORTAR 

M30 

24 

GREEN 

BAGS 

&00 

87 

14 

11:37:56 

4.2  INCH  MORTAR 

M30 

24 

GREEN 

bags 

900 

88 

14 

1 1 : 38 : 38 

4.2  INCH  MORTAR 

M30 

24 

GREEN 

BAGS 

900 

89 

14 

11:39:19 

4.2  INCH  MORTAR 

M30 

24 

green 

BAGS 

900 

90 

14 

11:46:56 

CALIBRATION 

• 

5.00 

LBS. 

91 

14 

11:56:07 

CALIBRATION 

5.00 

LBS. 

92 

14 

12:00: 10 

4.2  INCH  MORTAR 

K30 

20 

GREEN 

BAGS 

1065 

93 

14 

12:06:03 

4.2  INCH  MORTAR 

K30 

20 

GREEN 

BAGS 

1065 

94 

14 

12:06:45 

4.2  INCH  MORTAR 

M3© 

20 

GREEN 

BAGS 

1065 

95 

14 

12:07:07 

4.2  INCH  MORTAR 

M30 

20 

GREEN 

BAGS 

1065 

96 

14 

12 : 0S : 07 

4.2  INCH  MORTAR 

M30 

20 

GREEN 

BAGS 

1065 

97 

14 

12: 13:30 

CALIBRATION 

5.00 

LBS. 

98 

14 

12:26:05 

calibration 

5.00 

LBS. 

99 

14 

12:30:11 

4.2  inch  mortar 

K30 

31 

GREEN 

BAGS 

1065 

100 

14 

12:33:30 

4.2  INCH  MORTAR 

M30 

31 

GREEN 

BAGS 

1065 

RANGE 
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0 DAY 

TIME 

101 

14 

12 

34 

1 1 

102 

14 

12 

34 

S3 

:o3 

14 

12 

35 

36 

104 

14 

12 

42 

SS 

105 

14 

14 

23 

10 

106 

14 

14 

27 

12 

107 

14 

14 

32 

32 

108 

14 

14 

33 

16 

109 

14 

14 

33 

56 

1 10 

14 

14 

34 

3S 

1 1 1 

14 

1 4 

42 

OS 

112 

14 

14 

52 

03 

1 13 

14 

14 

5 C 

•IS 

1 14 

14 

15 

on 

39 

1 IS 

14 

15 

01 

21 

1 16 

14 

15 

»)2 

03 

1 17 

14 

IS 

02 

47 

1 18 

14 

15 

Os 

OS 

i :9 

14 

IS 

15 

30 

120 

14 

15 

19 

34 

121 

M 

15 

23 

27 

122 

14 

15 

24 

1 1 

123 

14 

15 

24 

52 

124 

14 

15 

25 

35 

!25 

14 

15 

3* 

37 

126 

14 

IS 

38 

56 

127 

14 

15 

42 

IS 

128 

14 

IS 

45 

SO 

129 

14 

15 

46 

31 

130 

14 

15 

47 

14 

131 

14 

IS 

47 

SS 

132 

14 

IS 

5° 

51 

133 

14 

!G 

0(1 

1 1 

134 

19 

10 

1 1 

21 

135 

19 

10 

19 

36 

13G 

19 

10 

25 

52 

137 

19 

10 

29 

27 

13$ 

19 

10 

3o 

14 

133 

19 

10 

30 

57 

140 

19 

10 

31 

40 

141 

19 

>0 

42 

21 

142 

19 

10 

48 

47 

!4  3 

19 

10 

53 

07 

144 

19 

10 

56 

06 

145 

19 

10 

56 

50 

146 

19 

10 

57 

36 

147 

19 

10 

58 

J8 

148 

19 

! 1 

03 

58 

149 

19 

1 1 

1 1 

S3 

150 

19 

11 

16 

02 

WEAPON 

4.2  INCH  MORTAR 
4.2  INCH  MORTAR 
4.2  INCH  MORTAR 

CALIBRATION 
CM.  I lilt  AT  ION 
81  MM  MORTAR 
SI  MM  MORTAR 
8!  MM  MORTAR 
81  MM  MORTAR 
8)  MM  MORTAR 
CAI.IHRAI  ion 
C.M  IHKAI  IDS 
81  MM  MORIAR 
81  MM  MORIAR 
81  MM  MORTAR 
8 1 MM  MORTAR 
81  MM  MORTAR 
CALIBRATION 
CAl.lllKA  f ION 
81  MM  MORTAR 
81  MM  MORTAR 
81  M.M  MORTAR 
8 i MM  MORTAR 
81  MM  MORTAR 
CAl.lllRAT  ION 
CALIBRATION 
81  MM  MOKTaR 
81  M.M  MORTAR 
SI  MM  MORTAR 
SI  MM  MOKTaR 
81  MM  MOKTAR 
CAL  I nil  \T  I ON 

Calibration 
calibration 
calibration 
I NS  MM  HOWITZER 
155  MM  HOWITZER 
155  MM  HOWITZER 

i55  mm  howitzer 

155  M.M  HOWITZER 

calibration 
Calibration 
155  mm  howitzer 

155  MM  HOWITZER 
155  MM  HOWITZER 

155  .M.M  HOWITZER 
155  MM  HOWITZER 

calibration 
calibration 
155  MM  HOWITZER 


MODEL.  CHARGE  SIZE 


ELEVA 


M30 

H30 

>130 


3 1 GREEN 
31  GREEN 
31  GREEN 
5.00  LBS. 
5.00  LBS, 
GREEN 
GREEN 
GREEN 
GREEN 
GREEN 
TBS. 
LBS. 
OR  T EN 
CKEI.'N 
GREEN 
GREEN 
GREEN 
LBS. 
LBS. 
CHEEK 
GREEN 
GREEN 
GREEN 
GREEN 
LBS. 


4 

4 

4 

4 

4 

5.00 

5.6o 

7 

7 

7 

7 

7 

5.00 

5.00 

5 
5 
5 
S 
5 

5.00 


BAGS 

BAGS 

BAGS 


BAGS 

BAGS 

BAGS 

BAGS 

BAGS 


BAGS 

BAGS 

BAGS 

BAGS 

BAGS 


BAGS 

LAGS 

BAGS 

BAGS 

BAGS 


5.00  LBS. 

8 GREKS 
8 GREEN 
8 GREEN 
8 GREEN 
8 GHEES 
0O  LBS 
LBS. 


BAGS 

BAGS 

BAGS 

BAGS 

BAGS 


00 


5.00  LBS. 


1065 

1065 

1065 


900 

900 

900 

90*) 

900 


900 

900 

90*) 

900 

900 


1050 

1050 

1050 

1050 

1050 


1050 

1050 

1050 

1050 

1050 


M 109 

5.00 

3 

LBS. 

GREEN 

BAGS 

1.60 

Ml  09 

3 

GREEN 

BAGS 

150 

M 1 09 

3 

GREEN 

BAGS 

ISO 

M 109 

3 

GREEN 

BAGS 

150 

MJ09 

3 

GREEN 

BAGS 

ISO 

M 109 

5.00 

5.00 

4 

LBS. 

LBS. 

GREEN 

BAGS 

30>) 

M 109 

/ 

GREEN 

BACS 

30.) 

Ml  00 

4 

GREEN 

BAGS 

300 

MJ09 

4 

GREEN 

BAGS 

300 

M109 

4 

GREEN 

BAGS 

300 

Ml  09 

5.00  LFS. 
5.00  LBS. 

5 GREEN 

BAGS 

350 

RANGE 


2400 

2430 

2400 

240*) 

2400 


3700 

3700 

3700 

3700 

3700 


2525 

2525 

2525 

2525 

2525 


3625 

3625 

3625 

3625 

3625 


38 


i 

DAY 



TIME 

151 

152 

19 

19 

1 1 
l I 

19:05 

19:47 

1S3 

19 

1 1 

20:29 

1S4 

19 

1 1 

21:11 

1S5 

19 

1 1 

35 : 57 

156 

19 

1 1 

40  :S? 

157 

19 

1 1 

44:00 

1 56 

19 

12 

58 : 46 

159 

19 

13 

02 : 09 

160 

! 9 

13 

02:SS 

161 

19 

13 

03 : 39 

162 

19 

13 

04  : 23 

if»3 

19 

13 

14:00 

164 

19 

13 

21:14 

165 

19 

13 

25:11 

166 

19 

13 

28:  13 

167 

19 

13 

28:59 

If.  3 

19 

13 

29:41 

169 

19 

13 

30:23 

170 

19 

13 

35  : S 1 

171 

(9 

13 

44:23 

172 

19 

13 

48:  17 

173 

19 

13 

53:01 

174 

19 

13 

S3 : 52 

175 

19 

i: 

S4  : 34 

176 

19 

i: 

SS:  17 

177 

19 

K 

00:55 

17S 

JO 

15 

13:32 

179 

19 

15 

19:14 

180 

!9 

15 

26:17 

181 

19 

15 

35 : Of, 

182 

19 

15 

42:46 

i83 

19 

15 

50:23 

184 

19 

IS 

56:29 

ISS 

19 

16 

02:47 

1S6 

19 

16 

09 : 40 

187 

19 

16 

19:52 

188 

19 

16 

26:35 

189 

IS 

16 

32:32 

190 

19 

16 

39 : 59 

191 

19 

16 

47:12 

192 

19 

16 

52:34 

193 

19 

16 

58:31 

194 

19 

17 

05:39 

195 

19 

17 

11:19 

196 

19 

17 

16:50 

197 

19 

17 

24:05 

198 

19 

17 

30:06 

199 

19 

1? 

35:47 

200 

20 

9:47:53 

WEAPON 

155  MX  HOWITZER 
155  MM  HOWITZER 
1SS  MM  HOWITZER 
155  MM  HOWITZER 
CALIBRATION 
CALIBRATION 
15S  MM  HOWITZER 
CALIBRATION 
ISS  MM  HOWITZER 
ISS  MM  HOWITZER 
ISS  MM  HOWITZER 
ISS  MM  HOWITZER 
CAl.IllRAI  ION 
CM  ON  GROUND 
IS5  MM  HOWITZER 
ISS  MM  HOWITZER 
ISS  MM  HOWITZER 
ISS  MM  HOWITZER 
155  MM  HOWITZER 
CAl.I  [(RATIOS’ 
CALIBRATION 
I5S  MM  HOWITZER 
ISS  MM  HOWITZER 
J55  MM  HOWITZER 
155  MM  HOWITZER 
15S  MM  HOWITZER 
CALIBRATION 
C 4 
C4 
C4 
C4 
C4 
C4 
L'4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 
C4 

CALIBRATION 


MODO..  CHARGE  SIZE  ELEVA 


M 109 
M 109 
M109 
MI09 


M 109 

M 109 
MI  09 
Ml  09 
Ml  09 


M 109 
MI09 
M 109 
M 109 
H 109 


M 1 09 
M 109 
M 109 
MI09 
M109 


S 

5 

S 

5.00 

5.00 

5 

5.00 

5 

5 

5 

5 

5.00 

5.00 

5 

S 

5 

5 

S 

5.00 

5.00 

5 

S 

5 

5 

5 

5.00 

5.00 
0.31 

20.00 

1.25 

2.50 

19.00 
0.62 

5.00 
0.31 

20.00 
1.25 
2.50 

10.00 

062 

5.00 
0.31 

20.00 

1.25 

2.50 

10.00 

0.62 

5.00 

S.00 


o IfKI-.r.N  BAG s 


GREEN 

GREEN 

GREEN 

i. as. 

LRS. 

WHITE 

LBS. 

WHITE 

WHITE 

wnm: 

WHITE 

MIS. 

LUX. 

WHITE 

WHITE 

WHITE 

WHITE 

WHITE 

LBS. 

LBS. 

WHITE 

WHITE 

WHITE 

WHITE 

WHITE 

LBS. 

LBS . 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

Lns. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

LBS. 

I.BS. 

LBS. 

LBS. 

LBS. 

LBS. 


BAGS 

BAGS 

BAGS 


BAGS 

BAGS 

BAGS 

BAGS 

BAGS 


BAGS 

BAGS 

Bags 

bags 

bags 


Bags 

Bags 

bags 

bags 

bags 


3S0 

350 

350 

350 


60 

69 

60 

60 

60 


350 

3S0 

350 

3S0 

350 


1275 

I27S 

1275 

1275 

1275 


Range 


39 


4 

DAT 

11  HE 

Ml APON 

MODEL 

CHARGE  SIZE 

BLEVA 

RANGE 

20! 

20 

10:03:33 

calibration 

5.00 

LBS. 

202 

20 

10:22:05 

8 ! M il  llm.1T/KK 

Ml  10 

5 

WHITE 

BAGS 

100 

2 OJ 

20 

10.42:00 

8 INCH  HOWITZER 

XI  10 

5 

WHITE 

BAGS 

1U0 

20-1 

20 

10:57:09 

.8  INCH  HOWITZER 

Ml  10 

5 

WHITE 

BAGS 

100 

205 

20 

1 1 -03:39 

CALIBRATION 

5.00 

IPS. 

206 

20 

11:12:43 

8 INCH  HOWITZER 

Ml  10 

5 

WHITE 

BAGS 

100 

207 

20 

11:17:36 

8 INCH  HOWITZER 

Ml  10 

S 

WHITE 

BAGS 

100 

2ns 

20 

11:21:30 

8 INCH  II01.IT/KK 

Ml  10 

5 

WHITE 

BAGS 

200 

209 

20 

11:23:23 

CAl.  1 HRAT  ION 

5.00 

LBS. 

210 

20 

\ 1 • 40 : 0 1 

8 INCH  HOWITZER 

Ml  10 

S 

WHITE 

BAGS 

200 

21  1 

20 

11:42:45 

8 INCH  HOWITZER 

Ml  10 

5 

WHITE 

BAGS 

20') 

212 

20 

11:44:51 

8 INCH  HoW'11'ZKK 

Ml  10 

5 

vii  n k 

BAGS 

200 

213 

20 

i 1 :50:43 

CAl-lltKATIOS 

5.00 

LBS. 

2 14 

20 

13:41:01 

CAl.  IliHATlON 

5.00 

1 US 

2 1 5 

20 

13:49:13 

8 INCH  HOWITZER 

Ml  10 

5 

white: 

BAGS 

2i)i) 

210 

20 

13:53:53 

8 INCH  HOWITZER 

Ml  10 

7 

WHITE 

BAGS 

100 

217 

20 

14:. IN:  48 

8 INCH  Ilowir/ER 

Ml  10 

7 

Will  IE 

BAGS 

100 

2 \fi 

20 

14:45: 16 

cai  i mm  ion 

5.00 

I.11S. 

2 19 

20 

15:50:43 

cai.ihhation 

5.00 

I.RS. 

220 

20 

1 5 : S3 : 2? 

8 INCH  HOWITZER 

Ml  10 

7 

WHITE 

bags 

100 

22! 

20 

16:01 : 16 

8 INCH  HOW  I1Z.ER 

Ml  10 

7 

WHITE 

BAGS 

100 

2 22 

20 

16:03:09 

8 INCH  HOWITZER 

Ml  10 

7 

Wit  1 1 F. 

BAGS 

100 

223 

20 

16:09:50 

CAl.  1 BEAT  ION 

5.00 

LOS. 

224 

20 

16:  Hi:  57 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

BAGS 

209 

225 

20 

16:21 :0S 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

bags 

200 

220 

20 

10:23:09 

8 inch  howitzer 

Ml  10 

3 

GREEN 

BAGS 

200 

227 

20 

16:29:51 

CAl.  1 HRAT  ION 

5.00 

i.ns. 

228 

20 

16:37:  17 

8 INCH  HOWITZER 

Mi  10 

3 

GREEN 

BAGS 

200 

2?'J 

20 

1*.:  39:  15 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

BAiiS 

200 

230 

20 

16:43:44 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

BAGS 

400 

23! 

20 

16:50:46 

CALI HRAT ION 

5.00 

LBS. 

232 

20 

18:30:58 

C4  ON  CROESI) 

5.00 

LBS. 

233 

20 

16:37:05 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

BAGS 

400 

234 

20 

18:39:04 

8 INCH  HOWITZER 

Ml  10 

3 

GREEN 

BAGS 

4(0 

235 

20 

18:41:05 

8 INCH  HOWITZER 

Mi  10 

3 

GREEN 

bags 

400 

236 

20 

I 8 : 46 : 43 

CAM  HRAT  KEN 

5.00 

IBS. 

237 

20 

19:52:24 

8 INCH  HOWITZER 

Ml  10 

3 

GREKS 

BAGS 

400 

238 

20 

18:54:23 

8 INCH  HOWITZER 

Ml  10 

5 

GREEN 

bags 

200 

239 

20 

1956:24 

8 INCH  HOWITZER 

Ml  10 

5 

GREKS 

BAGS 

200 

240 

20 

19:01:38 

CAl  1 HRAT  ION 

5.00 

LhS. 

241 

20 

19:07:43 

8 INCH  HOWITZER 

MHO 

5 

GREEN 

BAGS 

200 

242 

20 

19:09:44 

8 INCH  HOWITZER 

Ml  10 

S 

GREEN 

BAGS 

200 

243 

20 

19: 11:45 

8 INCH  HOWITZER 

MHO 

5 

GREEN 

BAGS 

200 

244 

20 

19: 18:23 

CAI.IHHATION 

5.00 

LBS. 

245 

20 

19:25: 10 

CALI HRAT ION 

5.00 

LBS. 

246 

21 

9:44:31 

CAM  HRAT  ION 

5.00 

LBS. 

247 

21 

9:51:01 

CALIBRATION 

5.00 

LBS. 

243 

21 

9 : SS  : 58 

15?  XX  SHERIDAN 

TANK 

59 

3095 

249 

21 

10:00:21 

152  XX  SHERIDAN 

TANK 

59 

3095 

250 

21 

10:01 : 17 

152  XX  SHERIDAN 

TANK 

59 

3095 

40 


» DAY  TIME  WEAPON  MODEL.  CHARGE  SIZB  8LEVA  RANGE 


251 

21 

10:02:21 

I 52  MM  SHERIDAN 

TANK 

59 

3095 

2S2 

21 

10:09: 10 

CAM  DRAT  ION 

S.00 

LBS. 

2S3 

2! 

10: 13:35 

152  MM  SHERIDAN 

TANK 

59 

3095 

254 

21 

10:17:21 

152  MM  SHERIDAN 

TANK 

59 

3095 

2S5 

21 

10:18: 13 

152  MM  SHERIDAN 

TANK 

59 

3095 

256 

21 

1 0 : 26 : 34 

152  MM  SHERIDAN 

TANK 

59 

3095 

257 

21 

10:35:09 

CALIBRATION 

5.00 

LBS. 

258 

21 

10:41 : 07 

! 52  MM  SHERIDAN 

TANK 

59 

3095 

259 

21 

10:41 :49 

152  MM  SHERIDAN 

TANK 

59 

3095 

260 

21 

10:42:30 

152  MM  SHERIDAN 

TANK 

50 

2900 

261 

21 

10:46:21 

152  MM  SHERIDAN 

TANK 

SO 

2900 

262 

21 

10:51:36 

CAM  DRAT  ION 

5.00 

LBS. 

263 

21 

10:54:35 

IS2  MM  SHERIDAN 

TANK 

S0 

2900 

264 

21 

10:15:15 

152  MM  SIIEIUDAN 

TANK 

50 

2900 

265 

21 

1 0 : 55  : 55 

152  MM  SHERIDAN 

TANK 

50 

2900 

266 

2 1 

10:56:36 

152  MM  SHERIDAN 

TANK 

50 

2900 

267 

21 

11:02:29 

CAE  1 DRAT  ION 

5.00 

LBS. 

268 

21 

1 1 : 05 : 36 

152  MM  SHERIDAN 

TANK 

50 

2900 

269 

21 

11:06:17 

1S2  MM  SHERIDAN 

TASK 

50 

2900 

270 

21 

11:06: 57 

152  MM  SHERIDAN 

TANK 

50 

2900 

271 

21 

11:07: 36 

152  MM  SHERIDAN 

TANK 

50 

2900 

272 

21 

11:13:59 

CALIBRATION 

5.00 

LBS. 

273 

21 

1 1:46:55 

CALIBRATION 

5.00 

LBS. 

274 

21 

11:53:36 

152  MM  SHERIDAN 

TANK 

45 

2750 

275 

21 

11:54:17 

152  MM  SHERIDAN 

TANK 

45 

2750 

276 

21 

1 1:54:59 

152  MM  SHERIDAN 

TANK 

45 

2750 

277 

21 

1 1:55:43 

152  MM  SHERIDAN 

tank 

45 

2750 

278 

21 

12:01:09 

CALIBRATION 

S.00 

LBS. 

279 

21 

12:04:03 

152  MM  SHERIDAN 

TANK 

45 

2750 

2S0 

21 

12:04:45 

152  MM  SHERIDAN 

TANK 

45 

27  SO 

281 

21 

12:05:28 

152  MM  SHERIDAN 

TANK 

45 

2750 

2h? 

21 

12:06: 13 

152  MM  SHERIDAN 

TANK 

4S 

2750 

283 

21 

12: 13:54 

CALIBRATION 

S.00 

LBS’. 

284 

21 

12: 15:55 

152  MM  SHERIDAN 

TANK 

45 

2750 

285 

71 

12:  16:  10 

! 52  MM  SHERIDAN 

TANK 

45 

2750 

286 

21 

12:  17:  ;3 

i 52  MM  SHERIDAN 

TANK 

40 

2600 

287 

21 

12: 18:03 

152  MM  SHERIDAN 

TANK 

40 

2600 

288 

21 

12:23:2S 

CALIBRATION 

5.00 

LBS. 

289 

21 

12:26:28 

152  K,M  SHERIDAN 

TANK 

40 

2600 

290 

21 

12:27: 13 

ls2  MM  SHI  P IDAS 

TANK 

40 

260O 

291 

21 

12:27:56 

152  MM  SiiKRIDAN 

TANK 

40 

2600 

292 

21 

12:28:38 

152  MM  SHERIDAN 

TANK 

40 

2600 

293 

21 

12:34: 10 

CALIBRATION 

5.00 

LBS. 

294 

21 

12:3',  : 2 1 

152  MM  SHERIDAN 

TANK 

40 

2600 

29S 

21 

12:38:01 

152  MM  SHERIDAN 

TANK 

40 

2600 

296 

21 

12:38:44 

152  MM  SHERIDAN 

TANK 

40 

2600 

297 

21 

12:39:28 

152  MM  SHERIDAN  TANK 

40 

2600 

298 

21 

12:45. 17 

CALIBRATION 

5.00 

LBS. 

299 

21 

13:58:40 

C4 

5.00 

LBS. 

300 

21 

14:07; 15 

C4 

0.62 

LBS. 

41 


i 

DAY 

T1NK 

VIAPON 

MODEL 

CHARGE  SIZE 

301 

21 

14:  14:25 

Cl 

20.00  LBS. 

302 

21 

14: 19:53 

Cl 

1.25  LI  IS . 

303 

21 

14:20: 14 

Cl 

2.50  LHS. 

30-4 

21 

14:34: 19 

C-1 

10.00  MIS. 

305 

21 

14:40:29 

C4 

0.31  LHS . 

300 

21 

14:40:03 

C4 

5.00  1.I1S. 

307 

21 

14:51:06 

C4 

0.62  UIS. 

308 

21 

14:57. 0)9 

C4 

20.00  UIS. 

309 

21 

15:02:35 

C4 

1 . 25  LHS . 

310 

21 

15:07:49 

C4 

2. SO  LBS. 

311 

2 l 

IS: 14:24 

C4 

10.00  LBS. 

312 

21 

15:20:07 

C4 

0.31  LBS. 

313 

2 1 

15:20:  19 

C4 

5.00  I.llS. 

319 

iy 

9:24:09 

CM 

5.00  LHS. 

315 

22 

9:47:21 

C4 

0.31  I.llS. 

310 

22 

9:49:47 

C4 

20. 00  LHS. 

3.7 

22 

9 : SO : 03 

C4 

1 .25  LHS. 

318 

22 

10:01 : 5 1 

C4 

2. SO  LHS. 

319 

22 

10:07:45 

C'4 

10.00  I.llS. 

320 

22 

10: 19:03 

C4 

0.62  LHS. 

321 

22 

10:74:55 

C4 

5.00  IBS. 

322 

22 

10:30:47 

C4 

0.31  LHS. 

323 

22 

10:38:20 

C 4 

20.00  I.llS. 

324 

*>  "> 

10:44:34 

C4 

1.25  LHS. 

32S 

22 

10:50:07 

C4 

2.50  LBS. 

320 

22 

10 :5G: 23 

C4 

10.00  LBS. 

327 

22 

1 1 : 04 : 20 

C4 

0.62  LBS. 

328 

22 

12:31:24 

C4 

5.00  LBS. 

329 

■yy 

12:35:43 

C4 

0.31  LBS. 

330 

22 

12:41:50 

C4 

20.00  LHS. 

331 

22 

12:46:10 

04 

1.25  1.BS. 

332 

22 

12:49:53 

C4 

2.50  LBS. 

333 

22 

12:54:49 

C4 

10.00  IBS. 

33  1 

22 

13:03:11 

C4 

0.62  LBS. 

335 

22 

13:03:30 

C4 

5.00  LHS. 

33G 

22 

13:12:28 

C4 

0.31  LBS. 

337 

22 

13:17:39 

C4 

20.00  LBS. 

33S 

22 

13:31 : 57 

04 

1.25  LBS. 

333 

70 

13:20:37 

04 

2 50  LBS. 

340 

22 

13:31:25 

C4 

10.00  LBS. 

34  1 

2? 

13:39:24 

C4 

0.62  LBS. 

342 

22 

13:43:48 

C4 

5.00  LBS. 

343 

22 

13:48: |4 

04 

0.31  LBS. 

344 

22 

1 3 : 53 : 42 

C4 

20.00  LBS. 

345 

22 

13:58:08 

C4 

1 .25  LBS. 

346 

22 

14:02: 18 

C4 

2.50  LBS. 

347 

22 

14:07: 14 

C4 

10.00  LBS. 

348 

22 

14:11:35 

C4 

0.62  LBS. 

349 

22 

14:21:55 

C4 

5.00  LBS. 

350 

23 

10: 13:26 

CALIBRATION 

5.00  LBS. 

ELEVA  RANGE 


42 


f 

DAY 

TIKE 

WEAPON 

MODEL 

CHARGE  SIZE 

ELEVA 

RANGE 

351 

23 

10:  18:46 

CALIBRATION 

5.00 

LBS . 

352 

23 

10:24:  IS 

155  NX  HOWITZER 

Ml 14A1 

3 

GREEN 

BAGS 

200 

2800 

353 

23 

10:29:  15 

155  KM  HOWITZER 

MII4AI 

3 

(•KEEN 

BAGS 

200 

2800 

354 

23 

10:29:58 

155  MM  HOWITZER 

Ml 14A 1 

3 

(•'KEEN 

BAGS 

200 

2S00 

355 

23 

10:34:30 

CA1. 1 HR  AT  ION 

5 . 00 

LBS. 

356 

23 

10:37:55 

ISS  MH  HOWITZER 

Ml  1441 

3 

(■KEEN 

BAGS 

200 

2800 

357 

23 

10:40:45 

155  MM  HOWITZER 

Ml I4AI 

3 

GREEN 

BAGS 

200 

2800 

3SS 

23 

10:41:30 

155  MM  HOWITZER 

Ml 14AI 

3 

GREEN 

BAGS 

500 

5600 

359 

23 

10:46:39 

CAE  1 DRAT  ION 

5.00 

LBS. 

360 

23 

10:49:57 

155  MM  HOWITZER 

Ml  MAI 

3 

GREEN 

BAGS 

500 

5600 

361 

23 

10:50:40 

155  MM  HOWITZER 

Ml  I4A1 

3 

GREEN 

BAGS 

500 

5600 

362 

23 

10:51  :2G 

ISS  MM  HOWITZER 

Ml 14A  I 

3 

GREEN 

DAGS 

500 

S600 

363 

23 

10:56:42 

CALIBRATION 

5.00 

IBS. 

364 

23 

11:00: 03 

155  MM  HOWITZER 

Ml I4A1 

3 

GREEN 

BAGS 

500 

5600 

365 

23 

1 1 : 00:43 

155  MM  HOWITZER 

Ml I4A1 

5 

GREEN 

BAGS 

200 

4300 

366 

23 

11:0313 

1 55  MM  HOWITZER 

Ml I4A1 

5 

GREEN 

BAGS 

200 

4300 

367 

23 

1 1 : 07:4  1 

CALIBRATION 

5.00 

LBS. 

368 

23 

11.  17:34 

ISS  MM  HOWITZER 

Ml  14A1 

5 

GREEN 

BAGS 

200 

4300 

369 

2J 

1 1 : 18: 19 

155  MM  HOWITZER 

Ml  14A1 

5 

GREEN 

BAGS 

200 

4300 

370 

23 

1 1 : 19:03 

155  MM  HOWITZER 

Ml  14A1 

s 

WHITE 

BAGS 

200 

371 

23 

1 1 : 25 : 56 

CALIBRATION 

5.00 

I.BS. 

372 

23 

12:09:44 

CALIBRATION 

5.00 

LBS. 

373 

23 

12:  12:51 

ISS  MM  HOWITZER 

Ml  I4AI 

5 

GREEN 

BAGS 

185 

7000 

374 

23 

12:  13:33 

1 SS  MM  HOWITZER 

Ml  14A1 

5 

WHITE 

BAGS 

185 

7000 

375 

23 

12: 14: 16 

155  MM  HOWITZER 

Ml  14A1 

5 

WHITE 

BAGS 

185 

7000 

376 

23 

12:  19:08 

CALIBRATION 

5.00 

LBS. 

377 

23 

12:23:  10 

155  MM  HOWITZER 

Ml  1 **  a 1 

5 

WHITE 

BAGS 

185 

4200 

378 

23 

12:23:51 

155  MM  HOWITZER 

Ml  14  A 1 

5 

WHITE 

BAGS 

185 

4200 

379 

23 

12:24:34 

155  MM  HOWITZER 

Ml  14A1 

S 

WHITE 

BAGS 

348 

7000 

360 

23 

12:28:59 

CALI  BRAT  ION 

5.00 

IBS. 

381 

23 

12:31  :S2 

155  MM  HOWITZER 

Ml  14A! 

5 

WHITE 

BAGS 

348 

7000 

382 

23 

12:32:34 

155  MM  HOWITZER 

Ml  14A1 

5 

WHITE 

BAGS 

348 

7000 

383 

23 

12:33:  17 

155  MH  HOWITZER 

Ml  MAI 

5 

WHITE 

BAGS 

348 

7000 

384 

23 

12:73:27 

CALIBRATION 

5.00 

LBS. 

385 

23 

12:42:55 

155  MM  HOWITZER 

M1I4A1 

5 

WHITE 

BAGS 

348 

7000 

3S6 

23 

12. 43:39 

155  MM  HOWITZER 

Ml  MAI 

7 

WHITE 

BAGS 

185 

7000 

387 

23 

12:44:22 

155  MM  HOWITZER 

M114A1 

7 

WHITE  BAGS 

185 

7000 

388 

23 

12:48:29 

CALIBRATION 

5.00 

LBS. 

389 

23 

12:51  :32 

155  MM  HOWITZER 

Ml  14A1 

7 

WHITE 

BAGS 

18S 

7000 

390 

23 

12:52:  16 

155  MM  HOWITZER 

MI  I4A1 

7 

WHITE 

BAGS 

185 

7000 

391 

23 

12:52:58 

155  MM  HOWITZER 

M1I4A1 

7 

WHITE 

BAGS 

185 

7000 

392 

23 

12:58:09 

CAl.IHRAl ION 

5.00 

LBS. 

393 

23 

13:02:45 

CALIBRATION 

5.00 

LBS. 

394 

26 

9:3112 

CALIBRATION 

5.00 

LBS. 

395 

26 

9:35:51 

CALIBRATION 

5.00 

LBS. 

396 

26 

9:42:06 

105  MM  HOWITZER 

M102 

3 

WHITE 

BAGS 

250 

2700 

397 

26 

9:46:48 

105  MM  HOWITZER 

M 102 

3 

WHITE 

BAGS 

250 

2700 

398 

26 

9:47:30 

105  KM  HOWITZER 

M 102 

3 

WHITE 

BAGS 

250 

2700 

399 

26 

9:52:20 

calibration 

5.0O 

LBS. 

400 

26 

9:55:54 

105  MM  HOWITZER 

M 102 

3 

WHITE 

BAGS 

250 

2700 

43 


• 

DAY 

TIME 

vkafon 

MODEL 

CHARGE  SIZE 

IS  .EVA 

RANGE 

401 

26 

9:  SC,  52 

105  MM  HOWITZER 

M I02 

3 

WHITE 

BAGS 

250 

27O0 

402 

26 

<3.57:34 

108  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

250 

3400 

403 

26 

10:02:38 

L’AI.IHRAT  ION 

5.00 

I.I1S. 

404 

26 

10:06:40 

105  MM  HOWITZER 

M 102 

4 

wiini: 

BAfS 

250 

3400 

405 

26 

10:07:22 

105  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

2S0 

3400 

40f> 

26 

lit:  US:  03 

105  MM  IIOW  lT/.llK 

M 102 

4 

WHITE 

BAGS 

250 

3400 

407 

26 

10: 12:23 

CALIBRATION 

5.00 

LBS. 

408 

26 

10: 15:53 

HIS  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

250 

3400 

400 

76 

10: 16:37 

105  MM  HOWITZER 

HI02 

4 

WHITE 

BAGS 

450 

5200 

410 

26 

10:17: 19 

105  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

450 

5200 

41  1 

26 

10:21 .46 

CALIBRATION 

5.00 

LBS. 

412 

26 

10:24:42 

105  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

450 

5200 

413 

26 

10:25:24 

105  MM  HOWITZER 

M 102 

4 

WHITE 

BAGS 

450 

5200 

414 

26 

10:26:06 

105  MM  HOWITZER 

Ml  02 

4 

WHITE 

BAGS 

450 

5200 

415 

26 

10:30:21 

CALI  IIRAT  ION 

5.00 

IKS . 

416 

26 

,0:34:27 

105  MM  HOWITZER 

Ml  02 

5 

WHITE 

BAGS 

250 

4000 

417 

26 

10:  35:06 

l'»5  MM  HOWITZER 

Ml  02 

5 

WHITE 

BAGS 

250 

4000 

4 IS 

26 

10:35:48 

10.8  MM  HOWITZER 

Ml  02 

S 

WHITE 

BACS 

250 

4000 

4 IS 

26 

10:4 1 :50 

CALIBRATION 

5.00 

LBS. 

4?fl 

2G 

1 1 :OS. -22 

CALIBRATION 

5,00 

LtiN. 

421 

26 

11:17:14 

105  MM  HOWITZER 

Ml  02 

5 

WHITE 

SACS 

250 

4000 

422 

26 

11: 13:53 

•OS  MM  HOWITZER 

M 102 

5 

whiti; 

BAGS 

250 

4000 

423 

26 

11:13:35 

10.8  MM  HOWITZER 

M 102 

5 

Will  IE 

bags 

450 

6700 

424 

26 

11:17:39 

CALI  UK AT  ION 

5,00 

LBS 

425 

26 

11:20:57 

105  MM  HOWITZER 

M 102 

5 

WHITE 

bags 

450 

6700 

426 

26 

11:21:41 

105  MM  HOWITZER 

M 102 

5 

WHITE 

bags 

450 

6700 

427 

26 

11:22:23 

loS  MM  HOWITZER 

M 102 

5 

WHITE 

BAGS 

450 

6700 

428 

26 

1 1 : 2'':01 

CALIBRATION 

5.00 

LBS . 

42'J 

26 

11:30:02 

105  MM  HOWITZER 

M 102 

5 

WHITE 

BAGS 

aSO 

6700 

430 

26 

1 ! : 3o-.4S 

105  MM  HOWITZER 

M!02 

G 

WHITE 

BAGS 

250 

520O 

431 

26 

11:31:27 

105  MM  HOWITZER 

M 102 

G 

WHITE 

BAGS 

25  o 

5200 

432 

26 

1 1 : 34 . 47 

CALIBRATION 

5.00 

LBS. 

433 

26 

11:38:00 

105  MM  HOWITZER 

M 102 

6 

WHITE 

RAGS 

2S0 

5200 

434 

26 

1 1 : 3>' : 4 i 

IiiS  MM  iloWII/KH 

M 102 

6 

WHITE 

BAGS 

250 

5200 

435 

26 

11:39:25 

IMS  MM  HOWITZER 

M 102 

6 

WHITE 

BAGS 

250 

5200 

436 

26 

11:43:55 

CALI  Mil  AT  ION 

5.00 

LBS. 

437 

26 

11:45:01 

CALI  Ell  AT  ION 

5.00 

LBS. 

438 

26 

13:52:34 

CALIBRATION 

S.00 

LBS. 

439 

26 

13:58:00 

90  MM  II ECO II. LESS 

rifle 

M67 

440 

26 

14:02:32 

90  MM  II!  COILLESS 

RIFLE 

M67 

441 

26 

14:03:23 

90  MM  RI  COIl.LKSS 

RIFLE 

M67 

442 

26 

14:  10:  18 

CALIBRATION 

5.00 

LBS. 

443 

26 

14:14;  10 

90  MM  RKCOILLESS 

RIFLE 

M67 

444 

26 

14;  16:58 

90  MM  HEf OILLESS 

RIFLE 

M67 

445 

26 

14:17:41 

90  MM  RKCOILLESS 

RIFLE 

M67 

446 

26 

14:21  :59 

CALIBRATION' 

5.00 

LBS. 

447 

26 

14:26:06 

90  MM  Rt-COILLEiS 

RIFLE 

M67 

448 

26 

14:26:49 

90  MM  RECOILLt  S 

RIFLE 

MC7 

449 

26 

14:27:40 

90  MM  RECOILLESJ 

RIFLE 

M67 

450 

26 

14:31 :54 

CALIBRATION 

5.00 

LBS. 

44 


LU 


1 

DAY 

TIME 

WEAPON 

MODEL 

CHARGE  SIZE 

ELEVA 

RANGE 

501 

27 

10:52:43 

106  MM  REHMLESS 

RIFLE 

M40AI 

2000 

502 

27 

10:50:42 

CAI.II1RATI0S 

5.00 

LBS. 

503 

27 

10:59:35 

106  MM  RlX.'OILESS 

RIFLE 

M40AI 

2009 

504 

27 

11:00:18 

106  MM  HECOILKSS 

RIFLE 

M40A1 

2000 

505 

27 

11:01:00 

106  MH  MX ‘01  LESS 

RIFLE 

M40A1 

2000 

506 

27 

11:05:33 

CAI.1DRAT  ION 

S.00 

LBS. 

507 

27 

11:08:27 

106  MM  RECOILF.SS 

RIFLE 

M40A ! 

2500 

508 

27 

11:09:14 

106  MM  RECOll.KSS 

RIFLE 

M40A1 

2500 

509 

27 

11:10:01 

106  MM  Ki'CO 1 LESS 

RIFLE 

M40AI 

2500 

5 Id 

27 

11: 15:09 

CAL  1 HR AT  ION 

5.00 

LBS. 

511 

27 

1 i : 19: 12 

106  MM  MX.rtll.LSS 

RIFLE 

M40A1 

2500 

512 

27 

11:  19:54 

106  MH  H ECO  1 LESS 

RIFLE 

M40A1 

2500 

513 

27 

11:20:34 

|i>6  MM  RKCOILESS 

RIFLE 

M40A1 

2500 

514 

27 

11:25:35 

CALI  UK  AT  ION' 

5.00 

LBS. 

5 15 

27 

11:53:48 

CAl.inRA  f ION 

5.00 

LBS. 

516 

27 

11:56:41 

106  MM  RIV  01  LESS 

RIFLE 

M40A1 

3000 

517 

27 

11:57:22 

IOC  MM  H ECO  1 LESS 

RIFLE 

M40A 1 

3000  • 

518 

27 

1 1:58:03 

106  MM  MX '01  LESS 

RIFLE 

M40A1 

3000 

519 

27 

12:02:04 

CALI UR AT  ION 

5.00 

LBS. 

520 

27 

12:04:52 

]o6  MM  1(1(0 11. ESS 

RIFLE 

M40A1 . 

3000 

521 

27 

12:05:34 

106  MM  K ECO  1 LESS 

RIFLE 

M40AI 1 

3000 

522 

27 

12:06:  15 

106  MM  HI. CO II. ESS 

RIFLE 

M40A1 

3000 

523 

27 

12:10:23 

CALI  HR  AT  ":X 

5.00 

LBS. 

524 

27 

12: 14.27 

CALI  BRA  1 ION 

5.00 

LBS. 

525 

27 

12:35: 19 

CALI  UR \T  ION 

5.00 

LBS. 

526 

27 

12:39:37 

CAl.lBR AT  ION 

5.00 

LBS. 

527 

27 

13:45:54 

IS5  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

200 

34S0 

*528 

27 

13:50:39 

1S5  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

200 

3450 

529 

27 

1 3 . S3 : 50 

155  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

200 

3450 

530 

27 

13:58:25 

CALIBRATION 

S.00 

LBS. 

531 

27 

14:04: 19 

15S  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

200 

34S0 

532 

27 

14:05:00 

1.85  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

200 

3450 

533 

27 

1 m : 05 : 43 

ISS  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

400 

5900 

534 

27 

14:10:  14 

CALIBRATION 

5.00 

LBS. 

535 

27 

14: 14:08 

ISS  MM  HOWITZER 

MI  14 

4 

GREEN 

BAGS 

400 

5900 

536 

27 

14: 14:50 

155  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

400 

5900 

53  / 

27 

14:15:32 

185  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

400 

5900 

538 

27 

14:19:34 

CALIBRATION 

5.00 

LBS. 

539 

27 

14:23: 14 

185  MM  HOWITZER 

Ml  14 

4 

GREEN 

BAGS 

400 

59GC 

540 

27 

14:23:58 

185  MM  HOWITZER 

Ml  14 

5 

GREEN 

BAGS 

200 

4300 

541 

27 

14:24:41 

155  MM  HOWITZER 

Ml  14 

5 

GREEN 

BAGS 

200 

4300 

542 

27 

14:30:05 

CALIBRATION 

5.00 

LBS. 

543 

27 

15:25:09 

CAL  1 11RAT  ION 

5.00 

LBS. 

544 

27 

15:28:30 

1.85  MM  HOWITZER 

MI  14 

5 

GREEN 

BAGS 

200 

4300 

545 

27 

15:29: 12 

185  MM  HOWITZER 

M.  i4 

5 

GREEN 

BAGS 

200 

4300 

546 

27 

15:29:54 

155  MM  HOWITZER 

Ml  14 

5 

GREEN 

BAGS 

200 

43G0 

547 

27 

15:34:35 

CALIBRATION 

5.00 

LBS. 

548 

27 

15:37:44 

155  KM  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

200 

4300 

549 

27 

15:38:27 

ISS  KM  HOWITZER 

Ml  14 

S 

WHITE 

BAGS 

200 

4300 

550 

27 

15:39:  19 

155  MM  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

200 

4300 

46 


f 

DAY 

TIKE 

WEAPON 

MODEL 

CHARGE  SIZE 

BLEVA 

RANGE 

551 

27 

15:43:48 

CALIBRATION 

5.00 

IBS. 

S52 

27 

15:47:11 

155  MM  HOWITZER 

M 1 14 

S 

WHITE 

BAGS 

200 

4300 

553 

27 

15:47:52 

155  MR  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

200 

4300 

55-1 

27 

15:48:35 

155  MM  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

350 

6700 

5 55 

27 

15:52:31 

CALIBRATION 

5.00 

LDS. 

556 

27 

IS: 55:37 

155  MM  HOWITZER 

M 1 14 

5 

WHITE 

BAGS 

350 

6706 

557 

27 

15:56:20 

155  MM  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

350 

6700 

558 

27 

15:57:02 

155  MM  HOWITZER 

Ml  14 

5 

WHITE 

HAGS 

3S0 

6700 

553 

27 

16:01:07 

CALIBRATION 

5.00 

LBS. 

560 

27 

16:04: 1 1 

155  MM  HOWITZER 

Ml  14 

5 

WHITE 

BAGS 

350 

6700 

5G 1 

27 

16:04:54 

155  MM  MOW ITZER 

Ml  14 

6 

WHITE 

BAGS 

200 

5700 

562 

27 

16:05:34 

155  MM  HOWITZER 

Ml  14 

6 

WHITE 

BAGS 

200 

5700 

563 

27 

16:09:56 

CALIBRATION 

S.00 

LBS. 

564 

27 

16: 12:58 

155  MM  HOWITZER 

Ml  14 

6 

WHITE 

BAGS 

200 

5700 

565 

27 

16: 13:47 

155  MM  HOWITZER 

Mi  14 

6 

WHITE 

BAGS 

200 

5700 

5 66 

27 

16: 14:30 

155  MM  HOWITZER 

Ml  14 

6 

WHITE 

BAGS 

200 

5700 

567 

27 

16: 19:33 

CALIBRATION 

5.00 

I.BS . 

569 

27 

16:22:42 

CALIBRATION 

5.00 

LBS. 

569 

28 

13:30:34 

CALIBRATION 

5.00 

LBS. 

570 

28 

13:35:53 

8 INCH  SELF  PROPELLED 

MI  10AI 

3 

GRFEN 

BAGS 

200 

571 

28 

13:43: 19 

8 INCH  SELF  PROPELLED 

MJ10A1 

3 

GREEN 

BAGS 

200 

572 

28 

13:44:50 

8 INCH  SELF  PROPELLED 

Ml  10A1 

3 

GREEN 

BAGS 

200 

573 

28 

13:46:23 

8 INCH  SELF  PROPELLED 

MI  1 0A l 

3 

GREEN 

BAGS 

200 

574 

28 

13:51 : 06 

CAL  1 BRAT  10.' 

S.00 

LBS. 

575 

28 

13:54:08 

8 INCH  SEE-  PROPELLED 

Ml  10A1 

3 

GREEN 

BACS 

200 

576 

28 

13:55:11 

8 1 SCII  SELF  PROPELLED 

Ml  I0A1 

3 

GRFEN 

BAGS 

350 

577 

28 

13:56:  15 

8 INCH  SELF  PROPELLED 

Ml 10A 1 

3 

GREEN 

BAGS 

350 

578 

28 

13:57:  17 

8 INCH  Si  I F PROPELLED 

Ml 10A1 

3 

GRFEN 

BAGS 

350 

579 

28 

14:04:01 

CALIBRATION 

5.60 

LBS. 

580 

28 

14:07:04 

8 INCH  SELF  PROPELLED 

Ml 10A1 

3 

GREEN 

BAGS 

350 

581 

28 

14:08:04 

8 INCH  SELF  PROPELLED 

Ml  10A1 

5 

GREEN 

BAGS 

200 

582 

28 

14:09:06 

8 INCH  SELF  PROPELLED 

Ml  I0A1 

5 

GREEN 

BAGS 

200 

583 

28 

14: 10:08 

8 INCH  SELF  PROPELLED 

Ml  10A1 

5 

GREEN 

BAGS 

200 

584 

28 

14:  I S : 03 

CALIBRATION 

S.00 

LBS. 

585 

28 

14: 18:30 

8 INCH  SELF  PROPELLED 

Ml  10AI 

5 

GREEN 

BAGS 

200 

586 

28 

14: 19:50 

8 INCH  SELF  PROPELLED 

Ml  10AI 

5 

GREEN 

BAGS 

2M 

587 

28 

14:31 : 5 1 

8 INCH  SELF  PROPELLED 

Ml  I0A1 

S 

WHITE 

BAGS 

206 

588 

28 

14:32:52 

8 INCH  SELF  PROPELLED 

M110A1 

5 

WHITE 

BAGS 

200 

589 

28 

14:37: 19 

CAL  I BRAT  ION 

5.00 

LBS. 

590 

28 

15:34:08 

8 INCH  SELF  PROPELLED 

Ml  10AI 

S 

WHITE 

BAGS 

200 

591 

28 

15:35: 10 

8 INCH  SELF  PROPELLED 

Ml  10A1 

5 

WHITE 

BAGS 

200 

592 

28 

15:36: 10 

8 INCH  SELF  PROPELLED 

Ml  10A1 

5 

WHITE 

BAGS 

200 

593 

28 

15:37: 10 

8 INCH  SELF  PROPELLED 

Ml  IOAI 

5 

WHITE 

BAGS 

300 

594 

28 

15:41 :43 

CALIBRATION 

5.00 

LBS. 

595 

28 

15:44:28 

8 INCH  SELF  PROPELLED 

MI  10A1 

5 

WHITE 

BAGS 

300 

596 

28 

15:45:31 

8 INCH  SELF  PROPELLED 

Ml  10A1 

5 

WHITE 

BAGS 

300 

597 

28 

15:46:32 

8 INCH  SELF  PROPELLED 

MI10A1 

5 

WHITE 

BAGS 

300 

598 

28 

15:47:37 

8 INCH  SELF  PROPELLED 

NU0A1 

5 

WHITE 

BAGS 

300 

599 

28 

15:52:  12 

CALIBRATION 

5.00 

LBS. 

47 


DAY 


26 

26 

26 

26 

26 

26 


HOUR 

TEMP<F) 

DEV 

POINT 

RELATIVE 

HUMIDITY 

W 

DIREC 

I N 
SPEED 

D 

GUST 

09 

82 

69 

65 

190 

13 

10 

84 

70 

63 

200 

16 

1 1 

84 

69 

60 

200 

18 

12 

87 

70 

57 

200 

08 

13 

91 

70 

SI 

190 

13 

14 

97 

69 

40 

190 

10 

15 

96 

70 

43 

220 

09 

16 

95 

68 

41 

160 

08 

17 

96 

6 i 

31 

180 

06 

18 

93 

66 

41 

130 

06 

19 

MISS 

MISS 

NA 

090 

10 

20 

74 

73 

97 

030 

14 

21 

70 

70 

100 

130 

12 

09 

80 

65 

60 

220 

06 

10 

87 

67 

51 

230 

10 

1 1 

88 

66 

48 

240 

06 

12 

87 

67 

51 

250 

12 

13 

92 

66 

42 

220 

1 1 

14 

95 

65 

37 

180 

16 

15 

96 

64 

35 

190 

14 

16 

95 

64 

36 

190 

10 

17 

95 

64 

36 

160 

10 

18 

94 

62 

35 

170 

10 

19 

94 

66 

40 

150 

14 

20 

q ] 

63 

39 

160 

12 

21 

88 

63 

43 

160 

10 

09 

79 

64 

60 

220 

06 

10 

83 

65 

54 

220 

06 

1 1 

85 

66 

53 

220 

04 

12 

89 

64 

43 

220 

10 

13 

93 

67 

42 

220 

10 

14 

94 

65 

39 

180 

07 

15 

94 

63 

36 

150 

05 

18 

16 

96 

62 

33 

190 

10 

17 

95 

64 

36 

120 

10 

17 

18 

94 

61 

33 

160 

1 1 

19 

93 

61 

34 

180 

10 

20 

90 

62 

39 

180 

09 

21 

87 

63 

44 

170 

09 

50 


DEV  RELATIVE  V I N 


DAY 

HOUR 

TEMP  <F) 

POINT 

HUMIDITY 

DIREC 

SPEED 

25 

09 

87 

65 

48 

240 

06 

25 

10 

89 

63 

42 

CALM 

25 

1 1 

92 

61 

35 

220 

02 

25 

12 

95 

61 

33 

330 

04 

25 

13 

97 

60 

29 

160 

10 

25 

14 

97 

64 

34 

220 

10 

25 

15 

95 

61 

32 

130 

08 

25 

16 

91 

65 

42 

160 

08 

25 

17 

88 

66 

48 

170 

16 

25 

18 

87 

67 

51 

200 

12 

25 

19 

83 

67 

58 

230 

10 

25 

20 

82 

67 

60 

200 

06 

25 

21 

82 

66 

58  . 

250 

02 

24 

09 

82 

66 

58 

190 

06 

24 

10 

85 

66 

S3 

160 

08 

24 

1 1 

88 

66 

48 

CALM 

24 

12 

90 

62 

39 

190 

04 

24 

13 

93 

58 

31 

130 

04 

24 

14 

95 

61 

33 

120 

10 

24 

15 

97 

58 

27 

070 

10 

24 

16 

96 

60 

30 

090 

06 

24 

17 

95 

61 

32 

080 

07 

24 

18 

94 

62 

35 

090 

08 

24 

19 

93 

68 

44 

100 

05 

24 

20 

89 

66 

46 

090 

06 

24 

21 

86 

67 

S3 

CALM 

23 

09 

80 

68 

66 

220 

08 

23 

10 

84 

65 

S3 

230 

06 

23 

11 

86 

62 

45 

190 

08 

23 

12 

91 

64 

41 

220 

13 

23 

13 

90 

63 

41 

200 

07 

23 

14 

93 

62 

36 

150 

1 1 

23 

15 

93 

61 

34 

210 

07 

23 

16 

93 

62 

36 

130 

07 

23 

17 

92 

62 

37 

140 

12 

23 

18 

91 

63 

39 

140 

13 

23 

19 

90 

63 

40 

150 

13 

23 

20 

87 

61 

42 

140 

08 

23 

21 

84 

61 

46 

150 

05 

D 


GUST 


18 


51 


DEV  RELATIVE  WIND 

PAY  HOUR  TEMP  <P>  POINT  HUMIDITY  DIREC  SPEED  GUST 


DAY 

HOUR 

TEMP(F> 

DEV 

POINT 

RELATIVE 

HUMIDITY 

V 

DIREC 

I N 
SPEED 

D 

OUST 

19 

09 

78 

71 

79 

160 

13 

19 

10 

81 

71 

71 

160 

12 

19 

11 

85 

71 

63 

150 

1 1 

16 

19 

12 

87 

70 

57 

160 

12 

18 

19 

13 

87 

70 

57 

130 

16 

20 

19 

14 

89 

70 

54 

140 

15 

22 

19 

15 

91 

65 

42 

180 

16 

20 

19 

16 

94 

57 

41 

180 

12 

20 

19 

17 

92 

62 

37 

170 

13 

22 

19 

18 

91 

61 

36 

160 

IS 

26 

19 

19 

88 

63 

43 

160 

13 

22 

19 

20 

85 

65 

50 

150 

13 

20 

19 

21 

82 

66 

58 

150 

14 

18 

09 

79 

72 

79 

180 

05 

18 

10 

83 

73 

72 

130 

04 

18 

1 1 

86 

72 

63 

180 

05 

18 

12 

86 

69 

57 

130 

06 

18 

13 

88 

69 

S3 

130 

08 

14 

18 

14 

90 

69 

S0 

150 

12 

18 

15 

90 

68 

48 

150 

18 

18 

1C 

90 

66 

45 

160 

16 

25 

18 

17 

86 

67 

52 

180 

14 

18 

18 

87 

66 

49 

160 

14 

18 

19 

84 

68 

58 

160 

18 

18 

20 

81 

69 

67 

160 

08 

18 

2! 

80 

69 

69 

170 

02 

17 

09 

79 

69 

71 

120 

06 

17 

10 

80 

68 

66 

160 

10 

17 

1 1 

83 

68 

60 

130 

08 

13 

17 

12 

84 

68 

59 

150 

06 

17 

13 

86 

68 

55 

120 

05 

17 

14 

86 

66 

51 

130 

09 

IS 

17 

IS 

88 

66 

48 

1 10 

09 

18 

17 

16 

88 

64 

45 

120 

06 

17 

17 

88 

64 

45 

1 10 

08 

17 

18 

87 

63 

45 

170 

08 

17 

19 

86 

63 

46 

130 

07 

17 

20 

81 

64 

55 

100 

04 

17 

21 

78 

64 

62 

120 

04 

1 

1 

J 

J 

5 


i 


DAY 

BOUR 

tempi: 

16 

09 

75 

16 

10 

76 

16 

1 1 

79 

16 

12 

81 

16 

13 

84 

16 

14 

86 

16 

IS 

87 

16 

16 

8t' 

16 

1? 

87 

16 

18 

87 

16 

19 

8S 

16 

20 

80 

16 

21 

78 

IS 

09 

71 

IS 

10 

72 

IS 

1 1 

73 

IS 

12 

77 

15 

13 

77 

15 

14 

81 

IS 

IS 

82 

IS 

16 

85 

15 

17 

87 

15 

18 

86 

IS 

19 

85 

15 

20 

82 

IS 

21 

81 

14 

09 

78 

14 

10 

80 

14 

1 1 

81 

14 

12 

83 

14 

13 

85 

14 

14 

85 

14 

15 

87 

14 

16 

87 

14 

17 

86 

14 

IS 

78 

14 

19 

82 

14 

20 

80 

14 

21 

78 

DEV 

POINT 

relative 

HUMIDITY 

69 

81 

69 

79 

70 

82 

71 

71 

69 

60 

69 

57 

69 

55 

66 

48 

66 

49 

66 

50 

66 

S3 

67 

64 

67 

68 

69 

93 

70 

93 

70 

90 

72 

84 

72 

84 

70 

69 

70 

67 

70 

60 

69 

55 

67 

S3 

68 

56 

70 

67 

69 

67 

67 

68 

67 

64 

66 

60 

65 

54 

64 

49 

65 

51 

67 

SI 

64 

46 

65 

49 

65 

64 

67 

60 

68 

66 

69 

73 

W 

DIREC 

I N 
SPEED 

D 

GUST 

CALM 

010 

02 

040 

05 

050 

03 

070 

05 

070 

1 1 

030 

06 

050 

10 

050 

08 

070 

08 

070 

05 

080 

04 

090 

04 

200 

08 

199 

10 

220 

12 

20 

200 

08 

210 

05 

200 

12 

180 

04 

170 

06 

160 

08 

190 

04 

CALM 

CALM 

150 

06 

210 

10 

170 

04 

150 

10 

190 

10 

170 

14 

22 

160 

14 

23 

170 

10 

180 

10 

200 

08 

15 

130 

10 

IS 

150 

08 

140 

04 

140 

07 

54 


DEV  RELATIVE  V 1 N D 


DAY 

HOUR 

TEMP(F> 

POINT 

HUMIDITY 

DIREC 

SPEED 

OUST 

13 

09 

82 

69 

64 

190 

08 

13 

10 

84 

68 

59 

180 

12 

13 

1 1 

86 

65 

49 

170 

12 

13 

12 

87 

64 

46 

180 

08 

13 

13 

88 

65 

46 

140 

10 

17 

13 

14 

87 

65 

48 

180 

08 

13 

15 

88 

64 

45 

190 

10 

13 

16 

87 

64 

46 

170 

12 

19 

13 

17 

83 

68 

60 

120 

12 

19 

13 

18 

78 

67 

68 

160 

18 

25 

13 

19 

76 

66 

71 

160 

06 

13 

20 

75 

66 

73 

160 

03 

13 

21 

74 

67 

78 

140 

05 

12 

09 

78 

69 

73 

180 

12 

12 

10 

82 

67 

60 

180 

12 

12 

1 1 

83 

67 

58 

180 

16 

12 

12 

86 

64 

48 

200 

16 

12 

13 

88 

65 

46 

190 

10 

23 

12 

14 

90 

63 

41 

210 

10 

12 

15 

92 

62 

37 

200 

10 

18 

12 

16 

89 

63 

47 

190 

07 

19 

12 

17 

90 

65 

43 

220 

10 

12 

18 

89 

64 

43 

160 

14 

18 

12 

19 

81 

67 

62 

200 

09 

17 

12 

20 

78 

65 

64 

160 

04 

12 

21 

76 

65 

68 

150 

04 

55 


APPENDIX  C: 
DIRECTIVITY  PATTERNS 


57 


f 

i 


CHANNEL 

1 

2 

3 

A 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


ENERGY 
95.25 
91.50 
86.40 
87.  12 
91.35 
82.81 
77.86 
83.69 
98 .45 
86.85 
87.  | | 
85.  16 
83.76 
80.29 
83.63 
83.69 


uirrtjtmi. 
FROM  REAR 
9.03 
5.20 
e.00 
1 .06 

5.  10 
3.40 

-I  .00 
3.40 
11.71 
7.69 
7.90 

6.  15 
3.. 34 
e.00 
3 34 
3 40 


ANGLE 

0* 

30* 

60* 

90* 

120* 

150* 

l£0* 


210* 

240* 

270* 

300* 


330* 


DIFFERENCE 
FHOM  REAR 

11.71 

9.17 

6.63 

5.65 

3.27 

3.34 

0.00 

3.34 
3.27 
5.65 
6.63 
9.  17 


difference 

FROM  C4 
-21 .42 
-23,96 
-26.50 
-27,49 
-29.86 
-29.79 
-33.  14 
-29.79 
-29.86 
-27,49 
-26.S0 
-23.96 


AFEJUGE  0.80 


-26.33 
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1 t I H-H 


++-F+++F 


4-H  H- 


NAME  81  MM  MORTAR 

ELEVATION  900 

CHAKGE  SIZE  7 GREEN  EAGS  , 


CHANNEL 

ENERGY 

DIFFERENCE 
FROM  REAR 

1 

100.42 

6.41 

2 

98.73 

4.72 

3 

94,04 

0.00 

4 

96,73 

2.58 

5 

97.  G7 

3.67 

6 

90.82 

5.34 

7 

87.01 

2.08 

8 

88.03 

3.30 

9 

103.51 

9.44 

10 

93.43 

7.96 

1 1 

92.34 

0.92 

12 

91.61 

6.  16 

13 

88.95 

3.48 

14 

85.61 

0.00 

15 

89.09 

3.47 

16 

88.93 

3.30 

AVERAGE 


5.73 


20.61 


NAME  81  XX  MORTAR 

ELEVATION  1050 

CHARGE  SIZE  5 GREEN'  BAGS 


CHANNEL  ENERGY 

1 98.59 

2 95.95 

3 91.54 

4 90.86 

5 94.29 

6 86.53 

7 81.47 

8 84.33 

9 99.38 

10  89.98 

11  89.57 

12  88.71 

13  86.75 

14  84.64 

15  84.  18 

1 A 1 1 


DIFFERENCE 
FROM  REAR 
7.01 
4.55 
0.00 
-0.90 
2.5  S 
2.77 
-2.64 
0.  12 
7.93 
5,82 
5.65 
4.85 
2.80 
0.00 
-4.00 
0.  12 


4 


ANCLE 

0' 


AVERAGE 


NMNnh 


DIFFERENCE 
FROM  REAR 
7.93 
6.25 
4.57 
2.89 
I .50 
1.43 
0.00 
1.43 
1 .50 
2.89 
4.57 
6.25 


DIFFERENCE 
FROM  C4 
-20.75 
-22.43 
-24.12 
-25.01 
-27.  18 
-27.25 
-28.69 
-27.25 
-27.  18 
-25.01 
-24.  12 
-22.43 


4.  10 


24.58 


r 


5 


NAME 

ELEVATION 
CHARGE  SIZE 


4.2  INCH  MORTAR  R30 
900 

1 1 GREEN  BAGS 


CHANNEL 

ENERGY 

DIFFERENCE 
FROM  REAR 

1 

96.20 

7.38 

2 

92 . 70 

3. 88 

3 

88.82 

0.00 

4 

90.06 

1 . 17 

S 

91.36 

2.05 

6 

83.60 

-0.  10 

7 

83.50 

1.32 

8 

84.46 

2.93 

9 

97.84 

8.30 

10 

88.90 

7.66 

1 1 

87.43 

6.07 

12 

8£.30 

3.p2 

13 

83  44 

2.45 

14 

81  .34 

0.00 

IS 

84.09 

2.56 

16 

84.46 

2.93 

ANGLE 

0' 

30' 

60* 

90' 

120' 

ISO* 

180' 

210* 

240' 

270' 

300* 

330' 


AVERAGE 


DIFFERENCE 
FROM  REAR 
8.30 
6.33 
4.36 

4.50 
2. 55 
2.  SO 
0.00 

2.50 
2.55 

4.50 
4.36 
6.33 


4.60 


DIFFERENCE 
FROM  C4 
-22.79 
-24.76 
-26.72 
-26.59 
-28.54 
-28.59 
-31.09 
-28.59 
-28.54 
-26. S9 
-26.72 
-24.76 


-26.49 


63 


i 


<£M> 


NAME 

A.  2 INCH  MORTAR 

M38 

- 

ELEVATION  900 

CHARGE 

S'ZE 

24  GREEN  BAGS 

N 

7 

DIFFERENCE 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

FROM  REAR 

FROM  C4 

l 

100.48 

7.02 

0° 

11.21 

-14.94 

2 

98.65 

5.24 

30' 

9.22 

-ie.93 

3 

93.36 

0.00 

60” 

7.23 

-18.91 

4 

95.18 

1 70 

90° 

4.76 

-Z 1 . 95 

5 

99.94 

G . 58 

120° 

2.85 

-23.30 

0 

92.58 

7.01 

150° 

2. 59 

-23 . .66 

7 

85.76 

-0.12 

180* 

0.00 

•26 . 16 

8 

88.52 

2.85 

210° 

2.59 

-23.56 

9 

lHfl.6! 

11.21 

240° 

2.85 

-23.30 

10 

93.92 

8.34 

270* 

4 . 76 

-21.95 

1 1 

92.42 

6.66 

300* 

7.23 

-18,9! 

12 

9e.94 

4.60 

330’ 

9.22 

-16.93 

13 

87.68 

2.  18 

14 

8S.61 

0.00 

15 

88.69 

2.99 

AVERAGE 

6.61 

-19.60 

16 

88.52 

2.85 

64 
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r 


DIFFERENCE 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FKOM  RF.AR 

ANGLE 

FROM  REAR 

FROM  C4 

I 

100. SI 

5.94 

0* 

7.39 

-17.08 

2 

98.  13 

3.47 

30’ 

4.69 

-19.77 

3 

94.72 

O.00 

60’ 

2.00 

-22.47 

4 

94.86 

-0.23 

90s 

1.80 

-22.46 

s 

9S.69 

0.92 

120“ 

-0.02 

-24.49 

6 

85.93 

-2.89 

150* 

-0.41 

-24.88 

7 

83.12 

-5.40 

180* 

0.00 

-24.48 

8 

88.30 

-0.21 

210* 

-0.4  1 

-24.88 

9 

102.  12 

7.39 

240* 

-0.02 

-24.49 

10 

92.42 

4.03 

270* 

1.80 

-22.46 

1 1 

92.43 

3.80 

300' 

2.00 

-22.47 

12 

90.67 

2.07 

330* 

4.69 

-19.77 

13 

89.83 

1.39 

14 

88.97 

0.00 

IS 

87.20 

-2.21 

AVERAGE 

2.71 

-21.73 

16 

88.30 

-0.21 

ft  I II  i H H 


DIFFERENCE 
FROM  C4 
-14.70 
-15.38 
-16.05 
-18.31 
-19.21 
-19.56 
-21.49 
- 19.56 
-19.21 
-18.31 
-16.05 
-15.38 


-17.28 


NAME  90  KM  RECOILLESS  RIFLE  M67  ± 

El .EV AT  ION  0 + 


DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANCLE 

1 

102.66 

-8.84 

e» 

2 

107.71 

-3.71 

30' 

3 

111.26 

0.00 

60* 

4 

108.44 

-2.81 

90° 

5 

100.66 

-10. S9 

120’ 

6 

94.20 

-11.68 

150° 

7 

102.80 

-3.37 

180* 

8 

97.30 

-8.45 

210* 

9 

102.01 

-9.51 

240" 

10 

98. 6S 

-8.80 

270' 

1 1 

98.97 

-6.68 

300' 

12 

102.80 

-3.00 

330' 

13 

105.64 

0.04 

14 

105.56 

0.00 

IS 

104.57 

-1.01 

AVERAGE 

16 

99.33 

-7.65 

67 


1 

<s 

1 


DIFFERENCE 

DIFFERENCE 

FROM  REAR 

FROM  C4 

-9.51 

-16.51 

-9.75 

-16.75 

-9.98 

-16.99 

-7.  18 

-14.  19 

-3.  17 

-10.  18 

-0.49 

-7.50 

0.00 

-7.00 

-0.49 

-7.50 

-3.17 

-10.  18 

-7.  18 

-14.  19 

-9.98 

-16.99 

-9.75 

-16.75 

-4.11 

-11.11 

CHANNEL 

ENERGY 

DIFFERENCE 

FRO 4 REAR 

ANGLE 

1 

115.09 

-4.06 

0* 

2 

116.01 

-3.41 

30“ 

3 

119.  17 

0.00 

60* 

4 

117.23 

-1  93 

90' 

5 

115.44 

-3.79 

120“ 

6 

108.98 

-4.02 

150’ 

? 

111.31 

-2.40 

180” 

8 

108.75 

-4  .77 

210” 

9 

120.73 

2 80 

240’ 

10 

108.51 

-4.02 

270’ 

11 

107.40 

-4.77 

300’ 

12 

109.81 

-2.40 

330’ 

13 

',17 -64 

-0.07 

14 

0.00 

IS 

-0.07 

AVERAGE 

16 

108.81 

-4.08 

DIFFERENCE 

DIFFERENCE 

FROM  REAR 

FROM  C4 

2.28 

3.40 

-0.87 

0.24 

-4.02 

-2.91 

-4.77 

-3.66 

-2.40 

-1.28 

-0.07 

1 .03 

0.00 

1 . I 1 

-G . 07 

1 .03 

-2.40 

-1.28 

-4.77 

-3.66 

-4.02 

-2.91 

-0.87 

0.24 

-1.29 


-0.  18 


CHANNEL 

energy 

PIFFERENCE 
rROM  REAR 

1 

0.00 

12.  18 

2 

1 10.46 

0.62 

3 

109.96 

0.00 

4 

111.08 

1.  17 

5 

1 IS.  10 

S.  1 1 

6 

1 12.05 

8.07 

7 

105.04 

1.29 

8 

106. 18 

2.  18 

9 

1 18.86 

9.00 

10 

111.14 

7.40 

1 1 

106.82 

3.06 

12 

104.56 

0.77 

13 

104.41 

0.56 

14 

103.84 

0.00 

IS 

102.82 

-0.83 

16 

106.32 

2.31 

ANGLE 

DIFFERENCE 

FROM  REAR 

0* 

9.00 

38* 

7.93 

60" 

6.86 

90s 

2.69 

120° 

0.96 

150' 

-0.  13 

180° 

0.00 

210° 

-0.  13 

240° 

0.96 

270° 

2.69 

300° 

6.86 

330* 

7.93 

AVERAGE 

5.  14 

DIFFERENCE 
FROM  C4 
-6.46 
-1.53 
-2.60 
-6.77 
-8.50 
-9.60 
-9.46 

-9.60 

-8.50 

-6.77 

-2.60 

-1.53 


-4.32 


t I 
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f 

r 

f 

i 

I 

s 

l 

i 

r 

S 

t 

V 

t 

f 


1 

r 

i 

► 

f 


D I FFFRFNCE 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

FROM  REAR 

FROM  C4 

1 

120.91 

9.92 

0° 

5.  17 

-5.46 

2 

114.59 

3.62 

30' 

7.28 

-3.35 

3 

1 10.79 

0.00 

60° 

9.39 

-1.24 

4 

103.62 

-0.28 

90' 

4.32 

-6.31 

s 

1 19.68 

8.07 

120° 

2.39 

-8.24 

b 

1 10.51 

9.09 

150° 

0.65 

-9.98 

7 

103.38 

2.31 

180° 

0.00 

-10.63 

e 

102.08 

-1.37 

210° 

0.65 

-9.98 

9 

1 IS. 19 

5.  17 

240° 

2.39 

-8.24 

10 

111.74 

10.48 

270' 

4.32 

-6.31 

1 1 

106.93 

5.82 

300° 

9.39 

-1.24 

12 

104.98 

3.92 

330° 

7.28 

-3.35 

13 

102.56 

1.45 

14 

101.23 

0.00 

IS 

101.21 

-0.  13 

AVERAGE 

5.60 

-5.03 

16 

104.53 

2.83 

72 


NAME 

ELEVATION 


SHERIDAN  TANK 


CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 


ENERGY 

116.31 
11  1 . 16 
109.43 
109.09 
114.79 
109.63 
101 .95 

104.32 
118.37 
1 10  46 
107.82 
105.61 
103. S7 
103.70 
101.95 
105.24 


ANGLE 

0* 

30* 

60* 

90" 

120* 

150* 

180* 

210* 

240* 

270* 

300* 

330" 


AVERAGE 


DIFFERENCE 
FROM  REAR 
8.89 
7.48 
6.07 
2.65 
0.27 
-0.96 
0.00 
-0.96 
0.27 
2.65 


07 

48 


4.70 


DIFFERENCE 
FROM  C4 
-0.S0 
-1.91 
-3.31 
-6.73 
-9.  II 
- 1 0 . 3S 
-9.39 
-10.35 
-9.  II 
-6.73 
-3.31 
-1.91 


-4.68 
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NAME  105 

ELEVATION 
CIIAKGE  SIZE 


MU  IIQWITZFIR  M 102 
250 

3 WHITE  BAGS 


CHANNEL  ENERGY 

1 97.53 

2 90. S3 

3 86. 80 

A 88 . 3 1 

5 95 . 40 

6 88.81 

7 80.19 

6 84 . 32 

9 10S.90 

10  90.52 

11  87.22 

12  81.16 

13  77.74 

14  78.11 

15  77.00 

16 


DIFFERENCE 
FROM  REAR 
10.77 
3.76 
0.00 
1 .52 
8.56 
10.65 
2.05 
6.  19 
19.  12 
12.45 
9.  13 
3.07 
-0.34 
0.00 
-0.90 


ANGLE 

0’ 

30° 

60* 

90° 

120° 

150° 

180° 

210° 

240' 

270° 

300° 

330° 


AVERAGE 


DIFFERENCE 
FROM  REAR 
19.  12 
14.86 
10.61 
7.65 
2.60 
-0.58 
0.00 
-0.58 
2.60 
7.65 
10.61 
14.86 


DIFFERENCE 
FROM  04 
-13. 19 
-17.45 
-21.70 
-24.66 
-29.71 
-32.90 
-32.32 
-32.90 
-29.71 
-24.66 
-21.70 
-17.45 


1 1 .85 


-20.46 


DIFFERENCE 

CHANNEL  ENERGY  FRO*  REAR 


1 106.08  10.44 

2 93.28  3.67 

3 89.52  0.06 

4 90 . 3S  0.79 

5 97.67  8.12 

6 89.97  8.67 

7 81.14  -0.12 

8 86.34  4.82 

9 168.11  18.54 

10  93.35  12.33 

I!  88,58  7.49 

12  84.62  3.61 

13  81.95  0.97 

14  81.09  0.00 

15  80.48  -0.54 


ANGLE 

0” 

30* 

60“ 

90“ 

120“ 

150“ 

180“ 

210“ 

240* 

270“ 

300“ 

330* 


AVERAGE 


f 


! 


DIFFERENCE 
FROM  REAR 
18.54 
14.29 
10.04 
5.86 
2.08 
0.21 
0.00 
0.21 
2.08 
5.86 
10.04 
14.29 


11.23 


DIFFERENCE 
FROM  C4 
-11.20 
-15.46 
-19.71 
-23.88 
-27.66 
-29.53 
-29.75 
-29.53 
-27.66 
-23.88 
-19.71 
-15.46 


-18.51 


75 


DIFFERENCE 
FROM  REAR 
16.30 
12.64 
8.99 
5.80 
2.9) 
0.95 
0.00 
0.95 
2.91 
5.80 
8,98 
12.64 


DIFFERENCE 
FROM  C4 
-13. 15 
-16.81 
-20.47 
-23.65 
-26.54 
-28.49 
-29.45 
-28.49 
-26.54 
-23.65 
-20.47 
-16.81 


9.63 


-19.82 


CHANNEL 

DIFFERENCE 

ENERGY 

FROM  REAR 

1 

101 .66 

11.17 

2 

95.03 

4.47 

3 

90.53 

0.00 

4 

91.36 

0.77 

5 

99.92 

9.22 

6 

91.12 

7.65 

7 

85.05 

1 .94 

8 

87.  13 

3.91 

9 

109. 17 

18.74 

10 

94.43 

11.25 

1 1 

90.24 

7.07 

12 

87.66 

4.33 

13 

85.  13 

1.99 

14 

83.  18 

0.00 

15 

81.78 

-1.44 

16 

86.85 

3.66 

ANGLE 

0’ 

30” 

60' 

90* 

120° 

150” 

180” 

210” 

240* 

270” 

300” 

330* 


DIFFERENCE 
FROM  REAR 
18.74 
14.30 
9.86 

5.36 
2.93 
0.27 
0.00 
0.27 
2.93 

5.36 
9.86 


DIFFERENCE 
FROM  C4 
-C  16 
-13.59 
-18.03 
-22.52 
-24.96 
-27.62 
-27.90 
-27.62 
-24.96 
-22.52 
-18.03 
-13.59 


AVERAGE  11.30  -16.59 


77 


CRAKNEL  ENERGY 

1 IOe.85 

2 *4.97 

3 90.  <11 

4 93.06 

5 100.41 

6 92.71 

7 85.88 

8 92.10 

9 106.87 

10  92.64 

11  90.23 

12  87.01 

13  85.68 


DIFFERENCE 
FROM  REAR 
10.43 

4.49 

o.eo 

2.S7 

10.01 

9.49 
2.66 
8.44 

16.45 
9.72 
7.  16 

3.0; 

2^6  i 


ANGLE 

0' 

30° 

60' 

90* 

120’ 

ISO’ 

180’ 

210’ 

240’ 

270’ 

300’ 

330* 


DIFFERENCE 
FROM  REAR 
16.45 
13.  19 

9.93 

7.48 
3.41 

1.48 

0.00 

1.48 
3.4  | 

7.48 

9.93 
13.  19 


DIFFERENCE 
FROM  C4 
-11.31 
-14.57 
-17.83 
-20  28 
-24.35 
-26.27 
-27.77 
-26.27 
-24.35 
-20.28 
-17.83 
-14.57 


14 

83 

07 

0 

00 

15 

83 

47 

0 

35 

16 

91 

S3 

7 

80 

AVERAGE  10.18  -17.58 


78 
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CHANNEL  ENERGY 

1 104.60 

2 97.78 

3 92.20 

4 95.29 

5 102.22 

6 94.56 

7 87.87 

8 90.71 

9 « m 

10  98.75 

11  94.87 

12  90.49 

13  88.01 

14  85.93 

15  85.46 

16  90.71 


DIFFERENCE 
FROM  REAR 
12.36 
5.56 
0.00 
3.03 

9.77 
8.47 
1 .88 
4.70 

16. 4S 
12.60 

8.77 
4.52 
2.02 
0.9e 

-0.56 

4.68 


f t 


NAME  15S  MM  HOWITZER  MU4 

ELEVATION  200 

CHARGE  SIZE  4 GREEN  BAGS 


CHANNEL 

ENERCY 

DIFFERENCE 

FROM  REAR 

<7 

ANGLE 

1 1 

108.09 

8.49 

0" 

1 2 

103  66 

3.95 

30' 

1 3 

99.70 

0.00 

60' 

1 4 

102.44 

2.56 

90' 

j 5 

1 10.63 

10.95 

’120' 

' 6 

102.08 

9. 50 

150* 

7 

94.76 

2.80 

180' 

8 

96.29 

5.06 

210’ 

9 

114.50 

1 S 

240' 

10 

0.00 

9.50 

270’ 

i 1 1 

99.27 

5.06 

300' 

] 12 

96.  19 

2.80 

330* 

13 

92.90 

-0.22 

1 14 

0.00 

0.00 

IS 

93.63 

-0.22 

AVERAGE 

16 

97.64 

5.06 

80 


NAME  1S3  MM  HOWITZER  HH4 

ELEVATION  400 

CHARGE  SIZE  4 GREEN  BAGS 


CHANNEL 

1 

2 

3 

4 

s 

6 

7 

8 
9 

10 
1 1 
12 
13 
M 

15 

16 


ENERGY 

108.58 

102.49 
97.54 

101 .24 

1 10.49 
102. 12 

97.24 
96.70 

.113.55 
102.  12 
96.45 
95.22 
93.89 
91  !5 
91 . 15 
96.26 


DIFFERENCE 
FROM  REAR 
10.98 
4,94 
0.00 
3.65 

T.75 

11.75 

4.91 

5.24 

!.'  . i :? 

11.73 

5.24 

4.C! 

1 .oS 
0.00 
1 .66 
5.24 


ANGLE 

0* 

30* 

60* 

90* 

120* 

150* 

180* 

210* 

240* 

270* 

300* 

330* 


AVERAGE 


DIFFERENCE 
FROM  REAR 
15.96 
13.85 
11.75 
5.24 
4.91 
1.66 
0.00 
1.66 
4.91 
5.24 
11.75 
13.05 


ie.se 


difference 

FROM  C4 
-4.11 
-6.21 
-8.31 
-14.82 
-15. 16 
-18.40 
-20.07 
-18.40 
-15.  16 
-14.82 
-8,31 
-6.21 


-9,56 


81 


155  HR  HOWITZER 


ELEVATION  200 

CHARGE  SIZE  S WHITE  BAGS 

DIFFERENCE 

CHANNEL  ENERGY  FROM  REAR 

1 113.34  8.40 

2 106.27  I .38 

3 104.88  0.00 

4 107.92  2.87 

5 115.45  10.52 

6 109.05  11.83 

7 102.34  3.74 

8 103.95  6.6S 

9 0.00  16.07 

10  105.49  8.39 

11  103.65  6.52 

12  100.58  3.39 

13  97.90  0.79 

14  97.26  0.00 

15  99.87  2.67 

16  104.08  6.83 


ANGLE 
0' 
30* 
60* 
90* 
120* 
150* 
180° 
210* 
240* 
270* 
300* 
33 0* 


DIFFERENCE 
FROM  REAR 
0.00 
4.89 
9.78 
6.67 
2.85 
1.73 
0.00 
1.73 
2.85 
6.67 
9.78 
4.89 


DIFFERENCE 
FROM  C4 
-14.50 
-9.61 
-4.71 
-7.82 
-11.65 
-12.77 
-14.50 
-12.77 
-11.65 
-7.82 
-4.71 
-9.61 


AVERAGE 


8.85 


-5.89 


83 


name 

!5S  MM 

HOWITZER 

Ml  14  - 

- 

FXFVATION  350 

- 

“ 

CHARGE 

SIZE 

S WHITE  BAGS 

7 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

1 

112.76 

8.79 

9' 

2 

106.62 

2.66 

30s 

3 

103.98 

0.00 

60° 

4 

107. 18 

3. 13 

90° 

5 

113.08 

9.  1 1 

120' 

6 

107.47 

11.58 

ISO' 

7 

100.8S 

4.74 

189' 

8 

104.75 

8.50 

,210' 

9 

117.77 

13.89 

240' 

10 

105.94 

10.  14 

270' 

1 1 

103.  13 

7.26 

300' 

12 

99.83 

3.91 

330’ 

13 

97.24 

1 .38 

14 

95.81 

0.00 

IS 

99.01 

3.  18 

AVERAGE 

16 

104.56 

8.34 

84 


DIFFERENCE 

DIFFERED 

FROM  REAR 

FROM  C4 

13.89 

-0.96 

11.90 

-2.96 

9.91 

-4.9S 

7.80 

-7.06 

3.61 

-1 1 .2S 

2.28 

-12.58 

0.00 

-14.86 

2.28 

-12.58 

3.61 

-11.25 

7.  SO 

-7.06 

9.91 

-4.95 

1 1.90 

-2.96 

9.03 

-5.83 

. . A*:  * sIUu.lIu  jIamu.aLi 


CHANNEL 

DIFFERENCE 

ENERGY 

FROM  REAR 

1 

1 1 S . 76 

8.93 

2 

108. 5S 

1 .84 

3 

106.76 

0.00 

4 

107.71 

0.90 

s 

114.91 

8.  17 

6 

107.03 

6.87 

7 

100.12 

0.  1 1 

8 

103.29 

3.42 

9 

e.eo 

13.89 

10 

108.38 

9.  10 

1 1 

107.44 

7.22 

12 

101.70 

1.93 

13 

100.24 

0.45 

14 

99.86 

0.00 

IS 

99.97 

0.06 

16 

103.36 

3.45 

ANGLE 

0° 

30' 

60* 

90* 

120' 

150' 

180' 

210* 

240' 

270* 

300* 

339* 


AVERAGE 


DIFFERENCE 
FROM  REAR 
0.00 
4.  13 
8.27 
5.33 
1.  19 
0.25 
0.00 

0. 25 

1.  '9 
5.33 
8.27 
4.  13 


DIFFERENCE 
FROM  C4 
-12.00 
-7.87 
-3.73 
-6.S6 
-10.80 
-11.74 
-12.00 
-11.74 
-10.80 
-6. 66 
-3.73 
-7.87 


7.60 


-4.40 


DIFFERENCE 

CHANNEL  ENERGY  FROM  HEAR 


1 108.15  1.9S 

- : L‘ft .65  2.4) 

3 D’6.70  0.00 

4 107.20  0.92 

5 105.. 17  -1.04 

6 97.06  -1.44 

7 98.75  0.27 

8 99.28  0.74 

9 106.19  -0.01 

10  99.51  1.01 

11  100.79  2.76 

12  101.17  2.(4 

13  90.39  0.88 

14  98.48  O.OQ 

15  99.35  0.78 

16  99.32  0.72 


ANGLE 

O' 

30* 

60' 

90' 

120' 

150' 

180' 

210' 

240' 

270' 

3W 

33®' 


D 1 1 FERENCE 
FROM  REAR 
-0.01 
0.05 
0.  12 
1 .49 
1.56 
0.83 
0.00 
0.83 
1.56 
1.49 
0.  12 
0.05 


DIFFERENCE 
FROM  C4 
-13.08 
-13.01 
-12.94 
-11.57 
-11.50 
-12.23 
-13.06 
-12.23 
-11.50 
- 1 1 .57 
-12.94 
-13.01 


AVERAGE  0.72  -12,34 


-H  1-H-HHH 


DIFFERENCE 
FFOX  REAR 
0.80 
0.82 
0.85 
0.46 
0.95 
-0.19 
0.00 
-0.  19 
0.95 
0.46 
0.85 
0.82 


DIFFERENCE 
FROM  C4 
-10.35 
-10.33 
-10.30 
-10.69 
-10.  19 
-11.35 
-11.15 
-11.35 
-10.  19 
-10.69 
-10.30 
-10.33 


0.57 


-10.58 


I 


NAME  155  MM  liOWUZER 

ELEVATION  3.50 


CHARGE 

SIZE 

5 GREEN  BAGS 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

1 

111.72 

1.52 

2 

1 12.77 

2.52 

3 

110.22 

0.00 

4 

112.33 

2.02 

5 

110.  15 

-0.  1 1 

6 

101 .72 

-1.09 

7 

105.34 

2.36 

8 

10G.06 

3.20 

Q 

1 12.94 

2.74 

10 

104.  24 

1 .52 

1 1 

104. 52 

1 .81 

12 

106.05 

4.40 

13 

104 . 53 

1.88 

14 

10?  .76 

0.00 

15 

103.22 

0.56 

16 

10S.86 

3.00 

155  m HOWITZER 
ELEVATION  60 

CHARGE  SIZE  5 WHITE  BAGS 


A 109 


CHANNEL 

DIFFERENCE 

DIFFERENCE 

DIFFERENCE 

ENERGY 

FROH  REAR 

ANGLE 

FROH  REAR 

FROX  C4 

I 

1 13.53 

1.31 

0* 

0.48 

-5.64 

2 

114.12 

: .91 

30* 

0.29 

-5.84 

3 

1 12.  15 

d.00 

60* 

0.09 

-6.03 

4 

113.59 

1.20 

90* 

1.34 

-4.78 

5 

112.57 

0.30 

120' 

0.81 

-5.31 

6 

104.83 

-1.72 

ISO' 

-1.86 

-7.99 

7 

105.78 

-1.02 

180* 

0.00 

•6.12 

8 

113.33 

6.  10 

210* 

-1.86 

- 7.99 

S 

112.63 

0.48 

240* 

0.81 

-5,31 

10 

106.98 

0.49 

270* 

1 .34 

-4.78 

1 1 

107.03 

0.67 

300* 

0.09 

-6.03 

12 

107.93 

1 . 16 

330* 

0.29 

-5.84 

13 

105.78 

-0.67 

14 

106.51 

0.00 

15 

103.52 

-3.05 

AVERAGE 

6.26 

-5. 06 

16 

108.55 

2.01 

) 

I 

I 

I 


CHANNEL  ENERGY 

1 113.52 

2 114.38 

3 112.07 

4 114, 03 

5 113.22 

6 104. C8 

7 105.51 

8 107.56 

9 112.63 

10  105.82 

11  107.18 

12  108. S7 

13  107.98 

14  106.74 

15  105.55 

16  107,16 


DIFFERENCE 
fron  rear 

1.48 
2.34 
0.00 
2.02 
1 .09 
-2.36 
-1.51 
0. 18 
0.49 
-097 
0.46 
1.86 
1.28 
0.06 
-1 .2S 
-0.  IS 


ANGIE 

DIFFERENCE 

DIFFERENCE 

FROM  REAR 

FROM  C4 

0” 

0.48 

-5.80 

30* 

0.  14 

-6.13 

60* 

-0.  IS 

-6.47 

90” 

0.  15 

-6.12 

1 20* 

1 . 17 

-5.  10 

1 50 1 

e.oi 

-6.26 

180* 

0.00 

-6.28 

210° 

0.01 

-6.26 

240” 

) . 17 

-5.  10 

270* 

0.  IS 

-6.12 

300* 

-0.18 

-6.47 

330* 

0.  14 

-6.  13 

AVERAGE 

90 


0.27 


-6.00 
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I 

i 


NAME 

ELEVATION 
CHARGE  SIZE 


15S  MM  HOWITZER 
127S 

5 WHITE  BAGS 


CHANNEL 

ENERGY 

DIFFERENCE 
FROM  REAR 

1 

1 14.G8 

1 .70 

2 

1 16.42 

3.40 

3 

1 I3.0S 

0.00 

4 

1 12.27 

-1.92 

5 

113.  10 

0.64 

6 

105.48 

-0.53 

7 

106.91 

1 . 14 

8 

103. 10 

-2,65 

9 

111.77 

-1.20 

10 

106.36 

0.82 

1 1 

108.65 

3.04 

12 

109. 14 

3.58 

13 

108.85 

3.36 

14 

105.60 

0.00 

IS 

107.07 

1 .41 

IB 

103.01 

-2.71 

M 109  - 

7 

DIFFERENCE 

DIFFERENCE 

ANGLE 

FROM  REAR 

FROM  C4 

0' 

-1.20 

-8.21 

30* 

-0.36 

-7.37 

60* 

0.46 

-6.54 

90* 

0.  16 

-6.85 

120" 

1.63 

-5.37 

150" 

2.39 

-4.62 

180" 

0 00 

-7.0] 

210' 

2.39 

-4,62 

240' 

1 .63 

-5.37 

270* 

0.  16 

-6.85 

300* 

0.46 

-6.54 

330' 

-0.36 

-7.37 

AVERAGE  6.75 

-6.25 

91 


i 

1 


* 

i 


\ 


f 


NAME 

155  MM 

HOWITZER 

XI09A1  ; 

J- 

i 

EI.EVAT  ION  500 

f 

j 

CHARGE 

SIZE  3 

GREEN  BAGS 

*s 

t,. 

a 

DIFFERENCE 

DIFFERENCE 

DIFFERENCE 

H. 

? 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

FROM  REAR 

FROM  C4 

i 

1 

102.  10 

-0 . 04 

0’ 

-2.59 

- 19.  10 

\ 

2 

104.05 

1.88 

30' 

-1 .65 

-18. 16 

3 

102.35 

0.00 

60* 

-0.70 

-17.21 

j 

4 

103.38 

0.72 

90* 

0.47 

- 16.02 

5 

101 .84 

-1  . 11 

120* 

1.00 

-15.50 

4 

6 

95.86 

-1.76 

ISO* 

0.64 

-15.86 

7 

97.  16 

1 .08 

180* 

0.00 

-16.51 

8 

96.06 

0.07 

210* 

0.64 

-15.86 

9 

9-3.44 

-2.59 

240* 

1 .00 

-15.50 

10 

95.77 

0.29 

270* 

0.47 

-16.02 

: 

1 1 

95.28 

-0.27 

300* 

-0.70 

-17.21 

- 

12 

95 . 83 

0.33 

330* 

-1.65 

-18. 16 

13 

96.87 

1 .24 

j 

14 

95.90 

0.60 

X 

15 

96.34 

-0.  10 

AVERAGE 

-0.11 

-16.62 

i. 

16 

99.  1 1 

1.23 

i 


i 


93 


NAME 

15S  I 

KM  HOWITZER 

M109AI  ; 

- 

J 

ELEVATION 

348 

■ 

CHARGE 

SIZE 

S WHITE  BAGS 

4 

s; 

7 

i 

DIFFERENCE 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  RF  NR 

ANGLE 

FROM  REAR 

FROM  C4 

1 

1 10.49 

I . <4 

0* 

0.00 

-8.51 

2 

110.31 

1 .36 

30* 

-0.69 

-9.21 

3 

108.96 

0.00 

60* 

-1.39 

-3.91 

4 

1 10.63 

1.63 

90* 

-0.80 

-9,32 

i 

5 

106. S6 

-2.74 

120” 

0.86 

-7.65 

6 

100.43 

-3.22 

150” 

-1  .64 

-10.  16 

* 

7 

103.77 

0.  14 

180" 

0.00 

-8.51 

8 

103. 18 

-1.09 

210* 

-1.64 

-10. 16 

9 

0.00 

-2.59 

240' 

0.86 

-7  65 

10 

103.29 

-0.04 

270” 

-0.80 

-9.32 

I 1 

103.36 

-0.05 

300” 

-1.39 

-9.91 

12 

103.72 

0.30 

330* 

-0.69 

-9.2  l 

13 

102. 12 

-1.21 

1 

14 

103.34 

0.00 

4 

15 

101.32 

-2.07 

AVERAGE 

-0.69 

-9.20 

16 

102.82 

-1.55 

95 


i 


r 


! 1 


i 

i 


NAME 

155  MM 

HOWITZER 

H109A1  - 

- 

FI.EVAriON 

185 

- 

CHARGE  SIZE 

7 WHITE  BAGS 

“ 

' 

V' 

DIFFERENCE 

DIFFERENCE 

DIFFERENI 

CHANNEL 

ENERGY 

FROM  HEAR 

ANGLE 

FROM  REAR 

FROM  04 

I 

112.02 

-2.62 

0° 

0.00 

-3.68 

2 

114.39 

-0.28 

30° 

-1.23 

-4.92 

3 

1 14.S7 

0.00 

60* 

-2.46 

-6.  IS 

4 

1 1 S . 39 

O.80 

90° 

-0.40 

-4.09 

5 

112.73 

-1.92 

120° 

0.56 

-3.  1 1 

6 

106.53 

-1.55 

150° 

-0.25 

-3.94 

7 

1 10.72 

2.39 

180* 

0.00 

-3.68 

8 

107.29 

-1.28 

210° 

-0.25 

-3.94 

9 

0.00 

-2.59 

240° 

e.56 

-3.  1 1 

10 

104.53 

-3.76 

270° 

-0.40 

-4.09 

1 1 

108.76 

0.55 

300' 

-2.46 

-6.  15 

12 

107.43 

-0.63 

3J0' 

-1.23 

-4,92 

13 

107.  14 

-1  .22 

14 

108.02 

0.00 

IS 

109.00 

0.71 

AVERAGE 

-0.68 

-4.36 

16 

107.20 

-1.36 

96 


r* 


i 

k 

t 

r 

f 


i- 


r 

r 


t ! 

I 

i : 

f 

| 

j 

• I 


CHANNEL 

ENERGY 

DIFFERENCE 
FRO*  REAR 

1 

121.36 

2.79 

2 

1 18.60 

-0.02 

3 

1 18.59 

0.00 

4 

118.03 

-0.56 

5 

123.44 

4.53 

6 

1 17.78 

4.48 

7 

111.93 

-1.10 

8 

112.82 

-0.09 

9 

125.47 

6.88 

10 

1 15.80 

2.93 

1 1 

111.72 

-1.25 

12 

113.88 

0.56 

13 

111.19 

-1  .84 

14 

1 12.87 

0.00 

15 

112.65 

-0.37 

16 

112.67 

-0.32 

ANGLE 

DIFFERENCE 
FROM  REAR 

DIFFERENCE 
FROM  C4 

0* 

6.88 

5.90 

30* 

£.28 

4.30 

60* 

3.68 

2.69 

90* 

-0.  78 

-J  .77 

120* 

-9.28 

-1.27 

150* 

-1.11 

-2.  10 

180* 

0.00 

-0.98 

210* 

-1.11 

-2.  10 

240* 

-0.28 

'1.27 

270* 

-0.78 

-1.77 

300* 

3.68 

2.69 

330* 

5.28 

4.30 

AVERAGE 

2.71 

1.72 

1 

i 


I 
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1 

a 


i 

4 


i 

•1 

i 

i 


NAME 

8 INCH 

HOWITZER 

ELEVATION  290 

CHARGE 

SIZE 

5 WHITE  B 

D I FFEREMCi 

CHANNEL 

ENERGY 

FROM  REAR 

I 

1 .'  9 . 90 

0.97 

2 

1 18.00 

-1.07 

3 

1 19.02 

0.00 

4 

1 18.58 

-o.es 

5 

120. 14 

1.22 

6 

113.76 

0.25 

7 

113.50 

0.32 

8 

115.44 

2.32 

9 

123.47 

4 . 45 

10 

1 15.21 

2.31 

I 1 

1 ' 1 .66 

-1.21 

12 

1 10.32 

-2.  SI 

13 

111.55 

-1.2! 

14 

112.79 

0.00 

15 

112.72 

-0.49 

16 

1 1S.SS 

2.40 

Ml  10 


S7 


ANGLE 

o° 

30“ 

60“ 

90“ 

120“ 

ISO' 

180“ 

210“ 

2-10' 

270' 

300° 

330“ 


AVERAGE 


D I FFERENCE 
FROM  FEAR 
<4.45 
2.85 
I .25 
0.59 
-1.07 
-0.85 
0.00 
-0.85 
-1.07 
0.59 
1.25 
2.85 


1.20 


1 

4 

DIFFERENCE 

FROM  C4  1 

4.06  1 

2.46  1 

0.85  1 

0.  19  3 

-1.46  i 

-1.25  I 

-0.39  % 

-1.25  1 


-1.46 
0.  19 
0.85 
2.46 


j 


0.80 


i 


98 


I 


DIFFERENCE 

CHANNEL  ENERGY  FROM  REAR 


1 119.93  8.00 

2 11^.03  2.29 

3 111.62  9.09 

4 114.26  2.00 

5 119.36  7.65 

6 113.27  8.36 

7 108.53  3.20 

8 109.98  4.96 

9 123. 2S  11-75 

10  113.80  9.42 

11  112.33  7.96 

12  107. S3  3.08 

13  103.30  -1 . 15 

14  104. S5  0.00 

15  104.24  -1.16 

16  108.80  3.16 


DIFFERENCE  DIFFERENCE 
ANGLE  FROM  REAR  FROM  C4 

0*  11.75  3.56 

30*  10.15  1.96 

60*  8.55  0.36 

90'  5.56  -2.62 

120'  2.78  -5.40 

ISO'  -1 . IS  -9.34 

180*  0.00  -8.18 

210'  -1.15  -9.34 

240'  2.78  -5.40 

270'  5.56  -2.62 

300  ’ 8.55  0.36 

330*  10.15  1.96 


AVERAGE  7.23  -8.95 


i 
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R R + + H-H-MD+-I-H-H-H-F-H  t i -I 


1 + -H- 


NAME  8 

ELEVATION 
CHARGE  SIZE 


INCH  HOWITZER 
260 

3 GREEN  BAGS 


I 


CHANNEL  ENERGY 

1 I 1 I . S6 

2 107.02 

3 104.7m 

4 101.78 

5 108.21 

6 100.3? 

7 92.73 

8 99.22 

9 116.81 

10  104. 64 

11  103.03 

12  98.73 

13  94.69 

14  97.76 

15  90.17 

16  105.35 


DIFFERENCE 
FROM  REAR 
G.  40 
2.33 
0.00 
-3.43 
4.03 
2.22 
-5.07 
1 .27 
11.89 
7.54 

5.80 
l . 44 

-2.53 

0.00 

-1.31 

4.80 


QUrs>N)i\) 


ANGLE 

08 

30° 


DIFFERENCE 
I KON  REAR 
1 I .89 
8.54 
5.  19 
5.42 
-1.09 
-1.9? 
0.00 
-1.92 
-1.09 
5.42 
5.  19 
8.54 


DIFFERENCE 
FROM  C4 
-2.83 
-6.  18 
-9.53 
-9.30 
-15.82 
-16.66 
-14.73 
-16.C6 
-15.82 
-9.30 
-9.53 
-G.  18 


AVERAGE 


5.94 


-8.78 


DIFFERENCE 

DIFFERENCE 

D1FFERENC 

CHANNEL 

ENERGY 

FRO*  REAR 

ANGLE 

FROM  REAR 

FROM  C4 

1 

110.71 

8.42 

0* 

16.20 

-1.78 

■*» 

106.33 

4,02 

30* 

12.84 

-5.  14 

3 

102.44 

0.00 

60* 

9.48 

-8. 50 

4 

104.43 

1.94 

96* 

3.37 

-14.60 

5 

111.05 

7.95 

120* 

2.7G 

-15.22 

6 

106.64 

10.97 

150* 

-0.27 

-18.26 

7 

97.25 

1.66 

180* 

0.00 

-17.98 

8 

97,72 

1.77 

210* 

-0.27 

-18.26 

9 

118.57 

16.20 

240* 

2.76 

-15.22 

10 

105.98 

10.35 

270* 

3.37 

-14  60 

1 1 

101.56 

5.87 

300* 

9.48 

-8.S6 

12 

98.73 

3.06 

330* 

12.84 

-5.  14 

13  96.99  1.30 

14  95.63  0.00 

15  93.92  -1.85 

96 . 1 4 


AVERAGE 


9.57 


-8.40 


N-H-H--H8H-H-+++-H 


M l*f-r~f  f I 


1 116.87  12.18 

2 108,85  4.18 

3 104.73  0.00 

4 109.08  4.44 

5 115.42  10.72 

6 108.43  12. 64 

7 101.47  5.4 4 

8 106.41  10.18 

9 124.14  19.41 

10  111.15  15.24 

11  106.42  10.20 

12  102.63  6.90 

13  98.60  3.46 

14  95.80  0.00 

15  97.00  1.12 

16  106.34  9.98 


AVERAGE 


12.95 


-3.99 


CHANNEL 

ENERGY 

DIFFERENCE 
FROM  REAR 

1 

109. S8 

7.03 

2 

104. 3S 

1 .69 

3 

102.56 

0.00 

4 

99.77 

-3.02 

5 

1 06 . 1 S 

3.31 

6 

97 . 36 

3.28 

7 

92.48 

-2.3-. 

8 

91.03 

-3.  13 

9 

116.72 

13.93 

10 

102.89 

8.78 

1 1 

97.77 

4.30 

12 

97.51 

3.32 

13 

94.72 

0.60 

H 

04.23 

0 . 00 

IS 

1 /- 

94.04 

-0.  19 

ANGLE 

DIFFERENCE 
FROM  REAR 

DIFFERED 
FROM  C4 

0' 

13.93 

-3.41 

30“ 

9.77 

-7.58 

60* 

5.60 

-11.75 

90“ 

-0.62 

- 17.98 

120“ 

-0.26 

-17.62 

150“ 

0.20 

-17.  16 

180* 

0.00 

-17.36 

210“ 

3.20 

- 17.  16 

240' 

-0.26 

- 17.62 

270* 

-0.62 

-17. 98 

300* 

5.60 

-11.75 

330* 

9.77 

-7.58 

AVERAGE 

6.82 

-m 

..•UltUkiJji.jJu.L.,., 


I 

I 

I 


CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 I 
12 

13 

14 

15 

16 


ENERGY 
114.95 
107. 12 
133. S4 
106.26 
1 13.56 
0.00 
98.73 
102.77 
0.00 
107.88 
104.37 
100.53 
96.91 
96.83 
96.00 
102.61 


DIFFERENCE 
FROM  REAR 
11.43 
3.70 
0.00 
2.88 
10.  16 
6.36 
1 .85 
5.92 
17.22 
10.82 
7.33 
3.74 
0.  12 
0.00 
-0.75 
5.79 


ANGLE 

0' 

30° 

60° 

90° 

120° 

150° 

180° 

210° 

240° 

270° 

300° 

330° 


DIFFERENCE 
FROM  REAR 
O.00 
5.40 
10.80 

6.56 
3.04 

-0.26 

0.00 

-0.26 

3.04 

6.56 
10.80 

5.40 


DIFFERENCE 
FROM  C4 
-14.68 
-9.28 
-3.88 
-8.  1 1 
-11.64 
-14.95 
-14.68 
-14.95 
-11,64 
-8.  11 
-3.88 
-9.28 


AVERAGE  10.92 


-3.76 
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APPENDIX  D: 

COMPOSITE  DIRECTIVITY  PATTERNS 


4 

i 

< 


3 

5 


i 

* 

5 


1 


3 


j 

J 


111 


CHANNEL 

ENERGY 

DIFFERENCE 
FROM  RE/iK 

1 

118.62 

-0.  17 

2 

118.75 

-0.08 

3 

1 18.78 

0.0(1 

4 

118.93 

o.os 

5 

1 l'J.  22 

-o.ll 

6 

112.85 

-0.29 

7 

113.  iG 

0.  10 

8 

113.  14 

-0.25 

9 

1 1 8 . .86 

-0.33 

10 

112.65 

-0.25 

1 1 

112. 95 

0.19 

13 

112.58 

-0.  13 

13 

112.81 

0.02 

14 

113.  UG 

0.00 

15 

1 1 2 . GO 

-0.35 

16 

112.77 

-0.44 

ANGLE 

DIFFERENCE 
FROM  FEAR 

0° 

-0.33 

.70“ 

-0.27 

G0“ 

-0.20 

90° 

-0 . 09 

120“ 

-0.00 

1 50“ 

0.  !C 

I 90“ 

0.00 

7 10° 

-0.  16 

240’ 

•0.00 

270° 

-0  09 

300“ 

-0.20 

330“ 

-0.  27 

t H-H 


AVFE.'GE 


-0.  15 


I 

i 


DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  RF,\K 

ANGLE 

FROM  REAR 

1 

99.  38 

6.60 

0* 

8.29 

2 

97.15 

4.05 

.30* 

6.39 

3 

93.90 

0.00 

60* 

4. *8 

4 

94.  ?9 

0.42 

90" 

5.75 

5 

95 . 72 

2.71 

120" 

2.20 

6 

88.19 

2.25 

150' 

2.88 

7 

87.96 

-O.  1 1 

180" 

0.00 

8 

90.81 

2.74 

210" 

2.88 

9 

101.12 

8.29 

240" 

2.20 

10 

91.86 

6.26 

270" 

5.75 

1 1 

91.22 

5. 75 

309* 

4.48 

12 

89.66 

4.28 

330* 

6.39 

13 

83.83 

2.82 

14 

87.26 

0.00 

15 

92.00 

3.00 

average 

4.86 

15 

0.00 

5.92 

DIFFERENCE 

DIFFERENCE 

CHANNEL 

energy 

FROM  REAR 

ANGLE 

FROM  REAR 

1 

10! . SO 

6.65 

0’ 

8 *3 

-> 

93 . 7-J 

3.92 

30 r 

6.61 

3 

9S.  16 

0.00 

60* 

4.78 

4 

95 . 74 

0.73 

90' 

5.  17 

5 

99 . 06 

3.32 

120" 

1 .89 

6 

92  13 

2.57 

150" 

1.58 

7 

87.61 

-0.88 

ISO" 

0.00 

8 

89.50 

1 .78 

210" 

1 .53 

9 

103.97 

8.45 

240a 

1 .39 

10 

94.01 

6,51 

270* 

S.  17 

1 1 

92.47 

S.  17 

300” 

4.78 

12 

91.40 

3.78 

330" 

6.61 

13 

89. 4S 

1 .93 

14 

88.3  1 

0.00 

15 

89.24 

1.  16 

AVERAGE 

4.74 

16 

0.00 

5.32 
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t : 

i 

r 

f 


DIFFERENCE 

DIFFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

FKOM  REAR 

J 

1 

102.66 

-8.84 

0* 

-9.51 

i 

2 

107.71 

-3.71 

30* 

-9.75 

3 

111.26 

0.00 

60* 

-9.98 

1 

4 

108.44 

-2,81 

90* 

-7.  18 

5 

100.66 

-10.59 

120* 

-3.  17 

6 

94.20 

-11.68 

150' 

-0.49 

7 

102.80 

-3.37 

180* 

0.00 

8 

97.34) 

-8.4S 

210* 

-0.49 

9 

102.01 

-9. SI 

240 » 

-3.17 

10 

98.65 

-8.80 

270* 

-7.  18 

I 

1 ! 

98.97 

-6.08 

300* 

-9.98 

i 

12 

102.80 

-3.00 

330* 

-9.70 

13 

105.64 

0.04 

I 

H 

105.56 

0.00 

15 

104.57 

-1.01 

AVERAGE 

-4.  1 1 

16 

99.33 

-7.65 

115 


+ H * I I I I I I I H 


NAME 

ELEVATION 


106  WM1EC0ILESS  RIFLE 


CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 


ENERGY 

115.09 
1 16.0] 
1 19. 17 
1 17.23 
1 15.44 
108.98 
111.31 
108.75 
120.73 
108.51 
107.40 

109. 81 

1|2  M 

1 b.n-J 

1 13.09 

108.81 


*4041 


ANGLE 

0* 

30” 

60” 

90* 

120* 

150” 

180* 

210” 

240” 

270” 

300* 

330* 


AVERAGE 


-1.29 


CHANNEL  ENERGY 

1 119.lv 

2 112.33 

3 I lU. 09 

4 100.99 

5 116.73 

6 111.29 

7 103.73 

8 105.4] 

9 1 I7.G6 

10  1 1 1 .01 

11  107.02 

12  105.46 

1 3 1 03 . 83 

M 103.62 

15  102.34 

16  105. S7 


D I FFEREJi'CE 
FRO*  REAR 
8.43 
I .94 
0.00 
0.  13 
5.9S 
7 42 
0.  19 
1.03 
7.56 

7.59 

3.60 
1.93 
0.38 
0.00 

-I  . 16 
1.87 


ANGLE 

D 1 FFKRENCE 

E!(0*  REAR 

O’ 

7.56 

30“ 

7.38 

60’ 

7.  19 

90° 

2.73 

120° 

1 .05 

159° 

-0.39 

180° 

0.00 

2 10° 

-0.39 

240’ 

I.05 

270* 

2.73 

300° 

7.  19 

330’ 

7.38 

AVERAGE 

4.80 

218 


119 


DIFFERENCE  DIFFERENCE 

CHANNEL  ENERGY  FROM  HEAR  ANGLE  FROM  REAR 

1 112.57  9.80  0’  14.93 

2 105.84  3.41  30’  12.55 

3 103.24  0.00  60'  10.18 

4 105.72  2.86  90°  6.87 

5 113.15  10.71  120’  3.20 

6 106. 10  10.28  150’  1 .56 

7 99.41  3.09  180*  0.00 

8 101.99  6.24  210’  1.56 

9 11 5. SO  14.93  240’  3.20 

10  106.87  9.83  270*  6.87 

11  103.64  7.42  300’  10.18 

12  99.20  3.52  330’  12.55 

13  97.15  1.51 

14  97.45  0.00 

15  97.43  1.61  AVERAGE  9.45 

16  102.14  6.32 
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I 


<- 

NAME 

155  MM 

HOWITZER  MI09AI 

- 

if 

elevation  all 

* 

i 

CHARGE 

SIZE  ALL 

J 

' 

niFFERENCE 

D I FFERENCE 

i 

CHANVEL 

ENERGY 

FROM  REAR 

ANGLE 

FROM  REAR 

f 

1 

108.66 

-0.42 

0' 

- 1 .8tf 

2 

1 10.  13 

1 . 12 

30’ 

“1.71 

f : 

3 

100.70 

0.00 

60’ 

“1.53 

: j 

4 

1 10.73 

1 .02 

90’ 

-0.49 

i 1 

5 

107.96 

-1.97 

120’ 

0.94 

k i 

6 

101.36 

-2.S0 

150’ 

-0.52 

i ' 

7 

105.42 

1 .08 

ISO’ 

0.00 

i 

8 

102.81 

-1.31 

210’ 

•0.52 

E 

9 

100.38 

-1.88 

240' 

0.94 

5 

ie 

101.81 

-0.73 

270° 

“0.49 

[ 

1 1 

104.01 

0.  15 

3fK)’ 

-1.53 

i 

12 

103. 44 

0.53 

330’ 

•1.71 

^ i 

13 

102.80 

-0.29 

! i 

M 

103.33 

0.00 

r i 

IS 

103.57 

-0.77 

AVERAGE 

“0.60 

I * 

16 

102.83 

-1.14 

1 


i 

r 


12? 


. .1 

Ti 

1 


NAME 

8 INCH 

SELF  PROPELLED 

M110A1  - 

F 

ELEVATION 

ALL 

- 

F 

CHARGE  SIZE  ALL 

N 

7 

D 1 EEERENC" 

D I FFERENCE 

CHANNEL 

ENERGY 

FROM  REAR 

ANGLE 

FROM  REAR 

1 

112.21 

10.65 

0° 

16.33 

2 

104 .84 

4.03 

30” 

13.08 

3 

100.93 

0.00 

60° 

9.84 

' 4 

103.33 

1.89 

90° 

5.41 

5 

110.69 

8.61 

120° 

3.03 

6 

102.70 

8.27 

150° 

0.50 

7 

97 . 73 

2.37 

180° 

0.00 

8 

<JS . 76 

2. 98 

210° 

0.50 

9 

1 16.42 

16.33 

240° 

3.03 

10 

10S.SS 

11.46 

270° 

5.41 

1 1 

102. 19 

7.28 

300° 

9.84 

12 

97.79 

3.82 

330° 

13.08 

13 

94.74 

1 . 17 

14 

93.88 

0.06 

IS 

93.67 

-0.48 

AVERAGE 

9.90 

16 

99.49 

4.28 

j 

4 


4 

1 

4 
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APPENDIX  E: 

WEIGHT  EQUIVALENCY  TABLES 


Charge 


Weapon 

i 

Model 

Si  ze  F, 

Typp 

Weight 

L°il 

C-wei qhted 
SCL 

T -wei  qht  ed 

sn 

81 -mm 

mortar 



4 

CZ 

1.66 

93 . 7 

n8 . 2 

5 

CZ 

1.95 

96.2 

97 . 8 

7 

CZ 

2.72 

on.  g 

101.2 

8 

CZ 

3.10 

99.2 

100.9 

4.2-in 

. mortar 

M30 

11 

CZ 

2.92 

n4 . 1 

96.° 

20 

CZ 

6.30 

98.6 

100.1 

94 

CZ 

6.36 

100.9 

101  .9 

21 

CZ 

8.22 

102.6 

1 04 . ■» 

90-nm 

recoilless  rifles 

M67 

NA 

20.0 

107. 1 

10n.  p. 

106 -mm 

recoilless  rifles 

M40A1 

NA 

128.0 

117.8 

121.1 

152-mm 

Sheridan  tank  qun 

M551 

NA 

96.0 

115.8 

120.i 

lOs-run 

howitzer 

M102 

3 

WB 

12  5 

99.2 

101.3 

4 

WB 

16.3 

100.6 

102.0 

5 

WB 

22.1 

102.0 

104.8 

6 

WB 

30.8 

104.8 

107.8 

155-mni 

howi tzer 

Ml  14 

4 

GB 

64.4 

109.1 

112. 7 

5 

GB 

87.5 

110.8 

116.4 

5 

WB 

109.7 

113.0 

117.1 

6 

w; 

154.6 

114.8 

118.6 

155-mn 

howi t zer 

M109 

3 

GB 

49.4 

107.1 

109.7 

4 

GB 

64.4 

109.1 

111.8 

Key:  GB  = green  bag 
WB  = white  bag 
CZ  = charge  zone 
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Charge 


Weapon 

Model 

Size  A 

Weight 

C-weighted 

F -weighted 

(oz) 

SEL 

SEL 

5 GB 

87. 5 

ill. a 

114.6 

5 WB 

109.7 

113.4 

116.7 

8- in.  howitzer 

Mlin 

3 GB 

120.3 

111.8 

116.0 

5 GB 

210.5 

117.  n 

121.0 

5 WB 

270.9 

119.2 

127.4 

7 WB 

450.2 

118.9 

124,0 

155-mm  howitzer 

M109A1 

3 GB 

49.4 

102.7 

106.1 

5 GB 

87.5 

106.9 

109.9 

5 WB 

109.7 

10n. 7 

113.1 

7 WB 

210.4 

113.9 

117.3 

8-in.  self-propelled 

MllflAl 

3 GB 

120.3 

110.0 

113. n 

5 GB 

210.5 

113.9 

117.7 

5 WB 

270.9 

115.7 

119.6 

105-rrn  tank 

M60 

NA 

192.0 

111.4 

114.5 

C-4  plastic  explosive 

NA 

5.0 

107.7 

109.5 

10.0 

110.6 

112.9 

20.0 

114.6 

117.7 

40.0 

118.3 

121.5 

80.0 

119.2 

124.0 

160.0 

121.3 

127.1 

320.0 

125.1 

131.2 

Key:  GB  = green  bag 
W8  = white  hag 
CZ  * charge  zone 
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